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xe7 INTRA-LABORATORY CORRESPONDENCE
. OAK RIDGE NATIONAL LABORATORY

To: D. M. Davis - Date: December 19, 1962
From: ¥. L. Parker

Subject: Estimate of Radicactivity Release to Clinch River for Periocd,

1944 through 1947

Occasionally, the question is raised of the curies of actilvity re-
leased to the Clinch River during the period, 194k through 1947. Currently,
' we have need for such values in the Safety Analyses Subcommittee of the

Clinch River Study. .

_ Uhfortunately, direct measurements of stream flow and radionuclide

concentration in White Osk Creek are not available to allow calculation

of release to the Clinch River during this period., Therefore, estimates

of release have been made using the best daﬁa availsble to us {Table 1).
Before such values are released, it seems advissble to have acceptance of
these values by the interested sections within the Division. The remesinder
-of this memorandun is then concerned with the sources of data and the method
employed in estimating gross beta curile release to river. I would appre- |
clate your :eview of the estimates and indication of their acceptability

or reasons for their lack of acceptability.

The mean annual discharge from White Qak Creek was estimated on the

- basis of TVA flow records for Chestuece Creek at Zion Hill, Chestuee Creek
above Englewood, and Little Chestuee Creek below Wilson Station (1). nstl—
nates of flow from Whlte Osk Creek are listed in Table 2, and imclude
flows in the Clinch River for comparable periods.

An estimate of the concentration of gross beta activity present in

- fluids released at Waite Oak Dam (1944-~1947) is based on the average value
beta activity (pe/ml) ._

1. 1 d gemma radiati
gamme. radiation (mr/hr) ( 3 x 10 ) and g radiation

of the ratio

(1) Correlation analyses by the U. S. Geologidal‘Sq:Ve;yA Oak Ridge. . °
Tennessee, :

20 JAL 6 0% 4



D, 2 December 19, 1962

. measurements made during the period of interest (Table 3)(2)(3)(L).
Values of mr/hr for the first 5 months of 1947 were based on the aver-
age measured values for the 6 months preceding and 7 mon'thé following'
this period. Parenthetical values (Table 1) of beta curies released and
concentrations downstream from the confluence of White Oak Creek and the
.Clinch River are suggested for future réference.

} The magnitude of hazard associated with the postulated release in
1946 is estimated by considering the bone as the ceritical organ and the
‘average Sr9o content (27%) in fluids released during 1949-1958 (5).
estimated concentration of Sr9o at CRM 14,5 is 5 x 10 -8 ‘ue/ml, and is’
the same as that encountered in 1954 (the year of maximum, reasonably ‘
well known, Sr9 o concentration)., The fraction of MPC attained, con’cinu-
ous nonoccupational exposure, due to Sr9 in 1954 was O 51, R

o CH

B‘rank L. Parker
Health Physies Division

FLP:KEC: jmd

cec: H. H. Abee
W. D. Cottrell
T. H. Burnett

(2) B Abee, unpublished data for period, 1949-1961.

(3) K. Z Morgan and F. Western, Contamination of Water Discharged from
© (lintonm Laboratories, MON-H-259 (8/18/47).

(4) Applied Health Physics Memorandum: CF-47-6-17; CF-L7-8-4h1; CF-47-9-168
CF-47-10-99; CF-47-11-339; CF-L47-12-397; CF-48-1-87.

"~ (5) H. H. Abee unpublished correspondence.
. ] b4




Table 1. Curies Released and Concentration of Beta Activity

Beta Curies Released

B Conc. at

Year ~ 'Bite Oag Dex Whiiiog;itram. ' Estimated B~

(x 1077) (cfs) ’ (curies)
194k 5 12 550 (600)
1945 5 10 ’ 450 - (500) .
1946 6 16 870 (900) e
1947 - 2 12 220 (200) .

- ' Concentration of Beta Activity (10-7 pe/ml)

CRM 14,5 CRM 2.2 TRM 529.9 TRM 465.5

o4y 1.3 (1.0)  0.90 (0.9) 0.2% (0.2) 0.19 (0.2)
1945 1.0 (1.0) 0.72 (0.7 0.19 (0.2) 0.1 (0.2)

198 1.9  (2.0) L.k (1.0) 0.3 (0.3) 0.2k (0.2)
1947 0.5 (0.6) 0.43  (0.%) 0.10 (0.1) 0.079 (0.08)




Teble 2. Mean Anmual Discharge (cfs)®

White Oak ‘

Year Creek CRM 1k.5  CRM 2.7  TRM 529.9  TRM 465.5
194k 12 4800 6870 25,690 32,290
1945 - S10 Lgko 7020 26,490 32,270
94 . - 16 5150 6880 29,100 - 38,540
1947 12 L1420 5720 2k,040

.%1,190°

&7alues furnished by U. S. Geologlcal Survey and Tennessee

Valley Authority.

e




‘Table 3, Beta Activity Concentration and Gamma Rediation

At White Oak Dam

Year _lO"5 x ue/ml mr/hr 107 ‘;rf' I1:11.11'
1945 . 5 0.027 1.9
1949 4.0 0.0k2 0.96.
1950 1.2 0.013 - 0.91
1951 0.73 0.027 0.27
1952 2.5 0. 04k 0.57

" 1953 2.k 0.025 - 0.95
1954 R 0.029 1.2
1955 b 0.022 2.0
1956 k.6 0.034 1.4
1957 2.5 0.019 1.3
1958 5.5 0.028 2.0
1959 9.2: 0.04L 2.1
1960 21.4 1.3

0.165




Fate of Radionuclides in Fresh Water Environments
Progress Report 6
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September 19 - 30, 1960

Albert G. Friend, Sr. Sanitary Engineer
Albert H. Story, Asst. Sanitary Engineer
C. R. Henderson, Biologist (Water Supply

& Pollution Control)
Michael Howell, Jr. Asst. Sanitary Engineer
Donald B, Porcella, Zoologist, AHSO

o
el
L

- - —— = -

— ot e

)
L - -~ ot

U. S. Department of Health, Education, and Welfare
Public Health Service
Bureau of State Services
Division of Radiological Health
Robert A. Taft Sanitary Engineering Center
Cincinnati 26, Ohio

1961




CONTENTS

Page

INTRODUCTION o o o o s o ¢ o o o o o o o o o o s o 8 ¢ ¢ s ¢ 0 0 o+ 1
HYdrolOgY « « o o+ « ¢ o o o o o 6 ¢ o o o o o o o o o o o o 1

SAMPLE COLLECTION, PREPARATION AND ANALYSIS .+ ¢« ¢ ¢ ¢ ¢ o« ¢ o o ¢« 2
Water o + « o ¢ o ¢ ¢ ¢ o o o s o o s 4 s o s o o 8 o 0 o o 2
Bottom Sediments . « « + « ¢ o ¢ ¢« ¢ o o o s s o o s s o e 2

Biota o ¢« « ¢ ¢ ¢ o 0 0o 0000 0 ; s s s o s s s s e 2
RESULTS AND DISCUSSION « ¢« ¢ ¢ ¢ o ¢ o o s ¢ o ¢ s 0 ¢ ¢ o 0 0 00+ 4
Water « « ¢ ¢ o ¢ o o ¢ s o ¢ 6 o 3 o o o ¢ o o o & o 2 o o 4
Bottom Sediments . « « « ¢ ¢ o o ¢ ¢ o ¢ o o ¢ s 0 0 00 4
Miscellaneous Biota « « « « o « ¢ ¢ ¢ o o ¢« ¢ o ¢ o s ¢ ¢« o 10

FiSh « ¢ ¢ ¢ o « o ¢ o o o o o o s s s o e o o ¢ o« oo o« 10
CONCLUSIONS © o o o ¢ s ¢ o o o o o o = ; e o o o o o o o ¢ ¢« o+ o 18

ACKNO‘LED ms ® e @ & e o @ & o o & e s & @ o s & & s 2 o s 8 0o m

REFERENCES e 8 8 & 8 o e o e ¢ e s 0 o s e ¢ s s o s 6 s o e s e 22




2.

3.
1 4,
\

5.

1A.

2A.

3A.

TABLES

Water Quality, September, 1960 . . o « o « & ¢ « o « o
Radionuclide Concentrations in Composite Water Samples
Collected from Stations on the Clinch and Tennessee
Rivers, September, 1960 .« + o o o « o » « s o o o o o o
Average Radionuclide Concentrations for Cross-sections
of the Bottom Sediments, Clinch and Tennessee Rivers,
Septembery 1960 . o « ¢ o o « ¢ ¢ ¢ ¢ ¢ 0 o 0 e o0 oo
Percent of Average Total Activity Represented by each
Radionuclide at Various Cross-sections on the Clinch
and Tennessee Rivers - Septe.y 1960 . « ¢« « o ¢ ¢ ¢ o « &
Radionuclide Concentrations in Water Willow Collected
in the Clinch and Te;nessee Rivers - September, 1960 . .
Radionuclide Concentrations in Clams Collected on the
Clinch and Tennessee Rivers - September, 1960 . . . . .
Average Radionuclide Concenfrations in the Flesh, Bone,
Whole Fish and Viscera of Bottom Feeding Fish, Clinch
and Tennessee Rivers, September, 1960 . . . . . . . . .
Rainfall at Oak Ridge, Tennessee . « « « o « « « o « o &
Flow Rates in Cubic Feet Per Second at Gauging

Stations on the Clinch and Tennessee Rivers . « . . .« .
Radionuclide Concentrations in Bottom Sediment Samples
Clinch and Tennessee Rivers - September, 1960 . . . . .
Radionuclide Concentrations in Bottom-feeding Fish

Collected on the Clinch and Tennessee Rivers, Sept., 1960

Page

11

12

13

15

26

31



TABLES (Cont'd.)

Page
SA. Radionuclide Concentrations in Gizzard Shad Collected
on the Clinch and Tgnnessee Rivers, September, 1960 . . . . . 35
6A. Radionuclide Concentrations in Sight-feeding Fish

Collected on the Clinch and Tennessee Rivers,

septemberglgsocoocttooo-ooo‘oocoacoooc37




1.

3.

FIGURES

Page
Clinch and Tennessee Rivers . « « « ¢ ¢ ¢ ¢ o ¢ ¢ o+ ¢ ¢« o o ¢ 3
Average Total Activity in Bottom-Feeding Fish . . . . . . . . 16
Average Total Activity in Gizzard Shad and

Sight-FeedingFish--.-..-..-.......-....19



INTRODUCTION

This is one of a series of reports describing investigations
carried out by the Radiological Health Research Activities, Division of
Radiological Health, U. S. Public Health Service, Robert A. Taft
Sanitary Engineering Center, Cincinnati, Ohio, for the Atomic Energy
Commission under Contract No. AT(49-5)-1288(5). These studies have as
their purpose a definition of the fate of specific radionuclides
released into fresh water environments by nuclear energy facilities.

Previous reports have described studies on this stream and other

(1’2’3’4’5’6). General progress reports covering overall concepts

(7,8)

streams
and related studies have also been published
This report presents the results of the third study of the aquatic
environment affected by the effluent from the Oak Ridge National
Laboratory (ORNL). Physical features, biological conditions and sampling
locations are described in earlier reports(s’S). During this study, from
September 19 to 30, 1960, samples of water, bottom sediments, and biota
were collected above and below the point of the ORNL discharge into the
Clinch River via White Oak Creek. The format of this report differs
from previous work since all raw data has been placed in the Appendix
and only the summary tables in the text. It is hoped that this will
improve continuity for the reader.

Hydrology

Rainfall at Oak Ridge, Tennessee, for September 1960, as measured

by the U. S. Weather Bureau is listed in Table 1A of the Appendix.
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FFlows in the Clinch River and related streams (Table 2A of the
Appendix). are controlled by the Tennessee Valley Authority by water
releases at the dams. Hydraulic, topographical, hydrologic and other
(3)

descriptive factors are discussed in an earlier report

SAMPLE COLLECTION, PREPARATICN AND ANALYSIS

Water

Water sampling stations (Figure 1) were located at CRM 41.5
(used for baseline); at CRM 20.8 where White Oak Creek enters the Clinch
River; at Gallaher Bridge (CRM 14.6) six miles downstream; at Centers
Ferry near Kingston (CRM 4.5); below Watts Bar Dam (TRM 529.9); at
Henry's Ferry (TRM 517.3); and at the Chattanooga Water Treatment Plant
‘.(TRM 465.5), where influent and effluent samples were taken.

Daily, continuous water samples were collected over 8- or 9-day
periods and then composited. Methods of collection and analysis have'
been described(4).

Bottom Sediments

The river was divided into eight, nine or ien equi-distant sampling
points depending upon the width of the river, so that cross-sections of
bottom sediments corresponding to the silt ranges set up by TVA could be
collected. At CRM 79.8 a single sample was taken to establish baseline
levels of radiocactivity. Methods of sample collection, preparation and
analysis have also been described(4).

Biota |
Water-willow were sampled at CRM 19.6 and TRM 562.6 and clams at

CRM 14.6 and TRM 517.9 to ascertain individual radionuclide concentration
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levels in organisms at these collection points.

Fish samples were collected, prepared, and analyzed as described

4)

in an earlier report .

RESULTS AND DISCUSSION

Water
Table.l shows the waters at the three sampling points to be hard.
Significant differences in hardness, chlorides and sulfates exist
between the Clinch River, White Oak Creek, and the Tennessee River waters,
What role these differences play in the fate of radionuclides in this
river system is not understood at this time.
Results of radionuclide analyses of water samples are shown in
Table 2. Cesium=137 and strontium-90, present above the mouth of White
Oak Creek, are probably due to fallout washed into the stream by rain-
fall. Ruthenium-106 and strontium-90 remain in the water phase of the
environment and only dilution appears to lessen_their concentration.
This observation confirms previous findings(s)e The levels of other
radionuclides downstream were too low to measure satisfactorily due to
the large and variable dilution of White Oak Creek by the Clinch River,
and removal by organic materiél and soils; therefore, no conclusions

are drawn concerning them.

Bottom Sediments

Cross-sectional bottom-sediment sample data are shown in Table
3A of the Appendix. Column 2 shows the position of the sample with
reference to the right hand (north) shore of the river while facing

downstream. Samples were taken at equally spaced intervals along the
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TABLE 1.
Water Quality*

September, 1960
Test White Oak Creek CRM 14.6 TRM 517.3

p 7.7 7.9 7.8

Expressed in parts per million

Alkalinity :

(CaOOs) 127.0 106.0 54.0
Hardness

(CaCOs) 148.0 - 130.0 88.0
c1 6.0 3.0 22.5
so;f‘ 30.0 18.0 12.0
ca*”’ 34.0 37.6 24.0
Mgt 15.0 8.7 7.0
P04--- Trace Trace Trace
Total Dissolved Solids  210.0 137.0 130.0

* Basic Water Quality Network Laboratory, R. C. Kroner, USPHS,
Cincinnati, Ohio.
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nine cross-sections indicated in column 1.

Some general trends are observable in the variation in average
(cross-sectional) activities for the specific radionuclides (Table 3).
These trends may be explained on the basis of stream hydraulics and
the mechanisms of radionuclide uptake. The low activities at CRM 19.2
are believed due to the incomplete mixing of the discharged wastes and
the waters of the Clinch River (and their suspended load) and to the
nature of the deposition of sediments. At this point, the river is still
free flowing and any deposited sediments are fairly coarse textured
(large particle sizes). These are carried along the bottom of the stream
rather than in suspension. Thu§, they may not come in close contact
with the radioactive waste waters. Some mixing and deposition of
activity does occur, however, especially on the north bank (sample no. 1,
Table 3A). This high activity also may be due to settling of sediments
that have been carried out of White Oak Creek.

Before the waters reach CRM 11.9, complete mixing has occurred.
‘Here the river enters the quiet waters of Watts Bar Reservoir and rapid
deposition of the suspended material takes place. Peak deposition of
all radionuclides studied occurs here. Beyond this point, a general
decrease in the activity levels of the bottom sediments is observed.

The large dilution occurring on entrance of the Clinch River into the
Tennessee River is reflected precisely in the activities of the bottom
sediments. The relatively higher acfivities at TRM 538.6, and lower

levels at 537.7 are explainable on the basis of stream hydraulics. At

TRM 537.7 a considerable narrowing or constriction of the river occurs,




TABLE 3.
Average Radionuclide Concentrations for Cross-sections
of the Dottom Sediments, Clinch and Tennessee Rivers

Sentember, 1960

. ' No. of Activity, uupc/kg (oven dry weight)

CRM 19.2 9 274,000 59,000 1,900 6,500 1,500
CRM 11.9 8 130,000 160,000 5,800 18,000 3,800
CRM 7.6 9 100,000 140,000 730 16,000 3,500
CRM 1.3 9 130,000 120,000 24100 15,000 1,600
TRM 562.3 10 26,000 23,000 340 3,400 450
TRM 557.2 10 24,000 20,000 700 34100 640
TRM 538.6 10 34,000 25,000 2,100 4,100 600
TRM 537.7 10 12,000 6,000 200 1,500 360
TRM 496.6 10 33,000 11,000 600 2,200 460
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thus greatly increasing stream velocity and changing the nature of the
sediments deposited in this reach of the stream. Studies by the TVA
show that only one-third as much sediment has been deposited at this
point as at other stations. The sediments are probably composed of
coarser and less active material. As would be expected, the backwater
effect above the constriction at TRM 537.7 permits deposition of finer
particles and there is an increase in activity levels. Increases in
ruthenium=106 and zirconium-95-piobium-95 at CRM 1.3 are probably due

to physical or chemical changes in the waters at this point and indicate
a similar mode of deposition for these radionuclides.

The uniform decrease in cesium-137, cobalt-60, and strontium-90
below CRM 11.9 (with the exception noted at TRM 538-537) is explained
by other factors operative in the system. Part of the decrease of all
activities downstream is due to dilution of the radioactive sediment
and water bj water from uncontaminated tributaries. In addition, a
general decrease occurs due to a non-reversible removal of cesium-137,
cobalt-60 and strontium-90 by adsorption on suspended materials with
subsequent settling. The relative ndn—reversibility of the sorption
mechanisms allows these specific radionuclides to concentrate in the
upper reaches of the Clinch River; and to decrease in the lower Tennessee.
Cesium=137 is believed to be fixed in the illitic clay minerals by a
mechanism described by Tamnra(IO); cobalt-60 is believed to be chelated
by organic materials, and strontium-90 is held by calcium carbonates

and phosphates. The latter mechanisms are only slowly reversible in

this system.
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Table 4 shows the percent of the total activity represented by
each radionuclide. While ruthenium-106 concentration increases, cesium-
137 in the sediments decreases with distance downstream from White Oak
Creek; this confirms the relationship found in a previous study(S)o

None of the variations in cross-sectional activities is explainable
on the basis of present data. Measurement of depth, stream velocity,
and particle size distributions in conjunction with activity levels

should clarify this situation in the future, however.

Miscellaneous Biota

Radionuclide concentrations in vascular aquatic vegetation (water
willow), as shown in Table 5, indicate that these plants concentrate
radionuclides from the water about 2000-fold (ratio activity/kg live
weight to activity/liter of water) at CRM 14.6 (refer to Table 5 and
Table 2). Downstream samples have activity levels which are one-third
to one=twelfth less. This decrease is only partially attributed to
dilution.

Variations in the radionuclide concentrations in clams from
different sampling stations likewise do not appear to be due to dilution
factors (Table 6). Measurements of stable strontium and age of the clams
offer a correction factor, however, that should correlate with dilution*.
Fish

Data for fish are given in Tables 4A, 5A; and 6A of the Appendix.

The fish have been separated into groups according to feeding types, iceqy

* Personal communication, D. J. Nelson, Oak Ridge National Laboratories,
Health Physics Division, (1961).
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TADLE 4.

Percent of Average Total Activity Represented by each Radionuclide at

Various Cross-sections on the Clinch and Tennessee Rivers - éggt., 1960
b—

Average total

R
River & Mile dry weight Ru Cs Zr =Nb Co Sr
CRM 19.2 96,000 28 61 1.9 6.8 1.5
11.9 320,000 41 50 © 1.8 5.6 1.2
7.6 260,000 38 54 0.3 6.2 1.4
1.3 270,000 48 44 0.8 5.5 0.6
TRM 562.3 53,000 49 43 0.6 6.4 0.8
557.2 48,000 50 42 1.5 6.5 1.3
538.6 66,000 52 38 3.2 6.2 0.9
537.7 20,000 60 30 1.5 7.3 1.8
496.6 47,000 70 23 1.3 4.7 i.o
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(4)

bottom-feeders, plankton-feeders and sight-feeders .

The activity in bottom=-feeding fish is accumulated from the water
(since activity levels in the bottom-feeder food chain reflect water
concentrations, the activity levels in fish can be considered to be a

)(5)

result of concentrations in water . Much of the activity in whole

fish with bottom-feeding habits, however, (Table 7) is from the mud
ingested along with the food and accumulated in t;e stomach and intestine.
Activity levels in the flesh and bone of these.fish indicate that actual
incorporation of radionuclides from mud does not occur; this confirms a
previous finding(S)o

The average percentages of the total activity in bottom-feeding fish
are shown in Figure 2. Activity levels in the whole fish should indicate
where the fish were feeding; e.g., high values indicate feeding in muds of
high activity. The values found in the sediments at CRM 4.5 (Table 3),
however, although approximately the same as those at CRM 14.6, do not
correlate with the levels in the fish at those two points. The high levels
of activity at CRM 14.6 can be explained by assuming that activity levels
in the food sources of the fish reach a peak near CRM 14.6. Upsiream from
this area mixing is not complete while further downstream activity levels
in the water are lower; thus, in both cases, less activity is accumulated
in the food.

It is probable that the activit& levels of the food; the feeding
habits and age of the fish, and other parameters must be considered to

explain the true fate of radionuclides among fish collected from widely

separated sampling points.
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Table 7 lists average concentrations of the individual radionuclides
in bottom-feeding fish. The relationship between the activities in the
flesh and the bone reflects the metabolism of the two fractions. Flesh
more accurately reflects levels in the foods because of its higher rate
of metabolism; thus, flesh achieves an equilibrium between the rate of
uptake versus excretion sooner than bone. In an exposure, flesh would
rapidly accumulate a large amount of activity, whereas levels in bone
might not show striking differences.

Because thefe is not much exchange of strontium from bone, large
amounts of strontium-90 are accumulated; if exposure were constant, this
would be explained by growth rates. Cesium-137 which does not become a
part of cell structures is not accumulated by bone; however, it represents
the largest percentage of the activity in muscular tissue, which indicates
participation in muscle cell metabolism.

Data on ruthenium-106, zirconium-95-niobium-95 and cobalt-60 do not
present a clear picture of distribution within the tissues. Because the
levels of these radionuclides in the tissues are so low, they are less
important than cesium-137 and strontium-90. These low levels probably
are due to the unavailability of the radionuclides in the food chain or
to the active metabolic discrimination by the organism. The accumulation
of ruthenium-106, zirconium-95-niobium-95, and cobalt-60 to a high degree
by water willow (Table 5) may be largely due to foliar deposition of
suspended particles on the plant surféces; thus, these radionuclides

may not be readily available for incorporation into flesh or bone through

the floral segment of the food chain.
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A possible correlation between sight-feeding and plankton-feeding
fish was observed. These plankton-feeders consist solely of gizzard
shad. The food of sight-feeding fish is generally juvenile fish, which
also feed alumost exclusively upcon plaukton. The correlation appears in
the similarity of differences between levels of activity for each of
these feeding types at each station (Fig. 3).

At CRM 19.6, the relatively low activity levels in plankton=-
feeders correlate well with the observation that most of the activity
in the water at that station is not associated with the suspended solids
(which includes the plankton) but with the dissolved solids fraction(s).
Further downstream this association is reversed and, correspondingly,
activity levels in the gizzard shad are higher (Table 54).

The high levels iﬁ the bone of some of the sight-feeding fish
(Table 6A of the Appendix) indicate the long biological half-life of
radionuclides that accumulate in the bone.

CONCLUSIONS

Levels of activity in water, except in White Oak Creek; are
generally too low for specific conclusions to be drawn; the water chemistry
of the differeﬁt streams differs significantly, however. In future studies,
water chemistry may be correlated with rates of transfer between dissolved
and solid phases.

Activity levels in mud apparently can be correlated with stream
hydraulics. The activity levels in the sediments are associated with

the size of the particles present in the stream bed. The number of small-

sized and low=-density particles with which the greatest amount of activity
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per unit weight is associated, is directly affected by stream velocity.
This was illustrated in the comparison of stream cross-sectional area
and silt depth increase at TRM 538.8 and 537.7.

The distribution of individual radionuclides is different
from that of the total activity levels. Cesium-137 is rapidly transferred
to the bottom sediments. The highest levels of cobalt-60 are found at
highest concentrations of organic material.

The biota indicates only activity levels and some basic ecological
relationships. Better definition of exposure times, feeding habits, and
fractionation methods of the entire fish will aid in making definite
conclusions about the fate of specific radionuclides. Certain steps in
the food chains of bottom-feeders, plankton-feeders and sight-feeders,
have been indicated But are not conclusive at this time.
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TABLE 1A
Rainfall at Oak Ridge, Tennessee®
Sept., 1960 Inches
10 1.47
11 0,15
16 0.83
17 0.50
26 0.01
28 0.38
29 0.13
Total ) 3.62

* Data Courtesy, U. S. Weather Bureau.
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REPORT ON CLINCH RIVER SAMPLES

COLLECTED FEBRUARY 9-15, 1960 BY PERSONNEL OF THE

— ey
U. S, PUBLIC HEALTH SERVICE o T !

b N T HEN
o ma — e a o s s

-

I. General

Samples of biota, mud, and water from the dlinch River fewe

collected by personnel of the Cooperative Studies Unit, Radiological
Health Research Activities, Division of Radiological Health, Robert
A. Taft Sanitary Engineering Center, Cincinnati, Ohio during the period
February 9-15, 1960. Personnel from the Center who participated in

this sampling were Dr. A. G. Friend, Mr. A, H. Story, Mr. M. Howell,

and Mr. C. Henderson., The first three of these participants named are

Sanitary Engineers attached to the Radiological Health Research Activ=-
ities at the Center and the latter is an Aquatic Biologist with the
Research Section of Water Supply & Water Pollution Control also at the

Center.

Persons contacted during this trip were: Mr, Larry Miller,
Chief of the Fish & Game Department, and Mr. Jack Chance, Fish Biolo-
gist, both of TVA at Norris, Tennessee; Mr. Wilbur Kochtitzky, Mr. Milo
Churchill, Mr, Ward Filgo, and Mr. Buckingham of TVA in Chattanooga,
Tennessee; Mr. Swearingen, Plant Superintendent of the Chattanooga
Water Treatment Plant; Mr. Ralph Sinclair, and Mr. Harold Mulligan of
the Tennessee Water Pollution Control Board; Mr. Price Wilkins and Mr.
Ed Manges of the Tennessee Fish & Game Department; Dr. Frank Parker,

Dr. Dah Nelson, Mr. Roy Morton, Mr. Ray Richardson, and Mr, Ken Qowser

i
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of the Health Physics Section, ORNL; and Mr. John Latendresse, Mr. Cecil
("™Meatball") Morse, and Mr. J. P, Lyons, all the latter being commercial

fishermen in this area.

II. General Biological Conditions

It is difficult to describe the general biological conditions in
the area covered by this survey (Norris Reservoir to Chattanooga) be-
cause of the greatly different conditions in some sections. The area
is generally impounded water with the exception of a 50 milé stretch of
the Clinch River below Norris Reservoir. This stretch of the Clinch River
is fast, clear water--quite cold (due to releases from the bottom of Norris
Reservoir) and contains a different biota from the remainder of the area.
A fair rainbow trout sport fishery has been reportedly developed imn this

stretch of river.

The remaining reservoir waters contain generally mixed populations
of warm water game, forage; and rough species of fish, Norris Reservoir
is somewhat different from Watts Bar and Chickamauga due mainly to its
depth and to its sharply declining shoreline as well as to its cleaner,
colder waters. Thus while fishes present in the remainder of the system
may be common, Norris is generally noted for its Walleye and smallmouth
bass sport fishery., The other reservoirs are generally considered as the
crappie, bluegill, largemouth bass type of sport fishery. The tailwaters,
however, sometimes furnish fabulous fishing for such reservoir species

as sauger and white bass as well as for large catfish.
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The whole study area, with the possible exception of the Clinch
River from White Oak Creek to Kingston is used quite extensively by sport

fishernmen,

Commercial fishermen also use most of the study area where an
extensive fishery for rough and food species has been developed. Most
of the fishing is with trammel nets (3" -~ 5" mesh) and the major species
caught are paddlefish, carp, carpsuckers, redhorse and catfish. There
is also some hook-and-line fishing for catfish. All of the area is open
to unlimited commercial fishing except Norris Reservoir in which commer-
cial fishing is permitted only during certain periods. The taking of

game species in nets is not permitted.

Other species of fish which are quite common, are the gizzard
shad, skipjack herring, and gar. While furnishing some forage for other

fish they are generally considered.a nuisance,

A fairly extensive commercial fishery for mussels has also been

developed in the area. - -

Altogether the whole area is widely used by sport and commercial
fishermen as well as for general water recreational activities and its use

for such purposes--is widely acclaimed.

III. Location of Sampling Stations and Samples Collected

Figure 1 is a map showing the general area under study along with

the location of the sampling stations, a description of which follows,



A, Station 1

Station 1 was the area above Norris Dam (CRM 79.8). The water
sample from Station 1 was collected from the concession stand approximately
1/4 mile north of Norris Dan; The mud sample was collected in the vicinity
of Pellissippi boat dock, approximately six miles above the dam on the
Clinch River arm of the reservoir. One large fish sample was collected
from the mouth of the cove at the boat dock and the other two fish samples
were furnished by Mr. John Latendresse. These latter fish were collected
from the upper reaches of Norris Reservoir where commercial fishing was
going on at the time of this trip. The minnows from Station 1 were
collected from a small stream flowing into the reservoir about three miles
above Norris Dan_by Mr; Mulligan and Mr. Sinclair of the Water Pollution

Control Board.

In the stretch of the river between Norris Dam and White QOak
Creek,about twenty miles below Norris Dam, a sample of filamentous algae

and one live clam were collected.

B, Station 2
The water sample from Station 2 was collected from White Oak
Creek about 50 feet above its point of entry into the Clinch River
(CRM 20.8). Fish samples were collected from the mouth of White Oak
Creek and at a point about 150 yards downstream from the mouth. Bottom
mud samples were collected in the vicinity of the dam on White Oak

Creek, at the mouth of White Oak Creek and from the Clinch River about

150 yards downstream from the mouth. A sample of soil was also taken
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from the creek bank near the mouth of White Oak Creek.

C. Station 3

The water sample collected at Station 3 was taken from the
center pier ofvthe Gallaher Bridge (CRM 14.5) located near the mouth of
Grassy Creek. Bottom mud samples were collected about one mile below the
mouth of Poplar Creek (CRM 12,0) at buoy 10.9 and about 200 yards below
the point of entrj of Poplar Creek into the Clinch River. Fish samples
were collected just above and just below Gallaher Bridge. A medium-
size eastern painted turtle was collected in the gill net just below
Gallaher Bridge. We are indebted to Mr. Ed Manges of the Tennessee
Fish and Game Commission for his aid in collecting the fish samples

at Station 3.

D. Station 4
The water sample fron.Station 4 was collected on the south

bank of the Clinch River at Centers Ferry (CRM 4.6) almost opposite the
point where the Emory River enters the Clinch. Mud samples were collected
at the mouth of the Emory River and about 1/4 mile above Centers Ferry

in the Clinch River. Large fish from Station 4 were collected about

1/2 mile below Highway 70 Bridge west of Kingston (CRM 2.2). The small
fish sample at Station 4 was collected at the same point as the mud samples

about 1/4 mile above Centers Ferry.

E. Station 5

The water sample at Station 5 was collected immediately above

the face of the Fort Loudoun Dam (TRM 602.4). We are indebted to the




Security Officers at the Dam for changing sample bottles every day, thus
relieving us of the necessity of visiting this sampler daily. The mud
samples from Fort Loudoun Reservoir was collected about eight miles above
the dam at a public picnic area; The fish samples were collected from the
same area. For these fish collections we are indebted to Mr. Price Wilkins,
Principal Trout Biologist of the Tennessee Fish and Game Department, who
accompanied us to this area and furnished the boat and motor with which

the collections were made.

F, Station 6
The water sample from Station 6 was collected from the tail
race below Watts Bar Dam (TRM 529.9); The mud sample (sand) was collected
about 1/2 mile below the Dan; A sample of clam shell from this same area

was also collected for analysis.

G. Station 7
The water samples from Station 7 were collected by Mr.

Swearingen, Plant Superintendent of the Chattanooga Water Treatment Plant.
These daily samples consisted of hourly composites of both thé raw intake
water and the treated water. Mr. Swearingen also collected for us a
sample of settled filter sludge approximately eight months old, a sample
of back-wash water, and a sample of used filter sand from the Chattanooga
Water Treatment Works, Mud samples were collected from the upstream face
of the Chickamauga Dam (TRM 469.9) and from South Chickamauga Creek about

1/4 mile from its mouth and below the heavy metals industries, the

effluents of which were discharged into this creek. Fish collected at
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Station 7 consisted of four catfish from the vicinity of Hixson, Tennessee
in the Chicamauga Reservoir in the viciaity of TRM 477, One medium sized
gizzard shad was collected immediately below the Chickamauga Dam and a
sample of buffalo was collected at ﬁales Bar Dam near Shellmound, Tennessee

in the vicinity of TRM 425.

In addition to the above samples three bottom mud samples were
collected from Bear Creek on the Oak Ridge Reservation. A complete listing
of all samples analyzed is shown in Table 1. In some instances, however,
the numbers do ﬁot indicate individual samples collected during the trip
but samples analyzed, e.g.; an individual fish may furnish from one to

seven samples when separated into component parts for analytical purposes;

IV, Collection and Preservation of Samples
Ao Bottom Muds
Mud samples were collected with either an Eckman or Pederson
dredge depending on the composition of the bottom. In general the
Pederson dredge was only used where the bottom deposits contained pebbles

or hard clayey materials.

The samples were placed into standard pint-sized plastic con-

tainers for storage, transportation, and subsequent gamma counting;
No preservatives were used for bottom mud samples.

B. Water
Where possible, water samples were collected on a continuous

basis during the entire collecting period by means of a commercial sampler.
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TABLE 1

TYPE AND QUANTITY OF SAMPLES FROM EACH STATION

Sample Station Number _ Type
Type 1 2 3 4 5 ~6 ~ 7 X Totals
Algae bags 5 10 15
Clam (shells) 1 1 2
Crayfish 1 _ 1
Fil. algae 1 1
Filter sand . 2 2
Fish 18 6 40 38 9 16 127
Mud 1 4 4 2 1 1 2 4 19
Plankton tow 1 1 1 1 4
Rock 1 1
Sand Wash Hy0 ' 3 3
Sludge 1 1
Spinach bags 5 6 11
Snails 1 ' 1
Tea bags 11 13 24
Turtle 1l 1
Water 1 6 5 1 1 1 2 17
Station Totals 25 37 51 42 12 3 26 34 230
1 = Clinch River at Norris Dam (CRM 79.8)
2 - Clinch River at White Oak Creek (CRM 20.8)
3 -~ Clinch River at Gallaher Bridge (CRM 14.5)
4 - Clinch River at Centers Ferry (CRM 4.6)
5 - Tennessee River at Fort Loudoun Dam (TRM 602.4)
6 - Tennessee River at Watts Bar Dam (TRM 529.9)
7 = Tennessee River at Chattanooga, Tenn.

X = Three different locations on Bear Creek
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No sampler was placed at Station 6. The sample from that station
represents a composite of two 2-gallon grab samples. Samples from Station
7 were hourly grab samples were composited daily to make a 2-gallon per day
sample. The samples from Station 7 were collected by the operators of

the Chattanooga Water Treatment Plant.

All water samples were stored and shipped in 2-gallon poly-

ethylene hottles.

C. Biota
Separate plankton samples for numerical count and weight were
collected by dipping a water composite (1 gallon for count, 2 gallons for
weight) from the surface while traveling across the watercourse. At the
same time a No. 20 (173 meshs per inch) plankton net was being towed to
collect a sample for radionuclide analysis. The sample for count was
preserved with merthiolate and the other samples with 5% formalin for

return to the laboratory.

Numerical plankton counts were made by Dr. Louis G. Williams
of The Robert A. Taft Sanitary Engineering Center by the same procedure
used in the USPHS Basic Data Program. This method consists of a direct
clump count using 2 strips instead of 10 fields of a Sedgewick-Rafter

counting cell at a magnification of 200,

The samples for plankton weight (usually 5 liters) were

centrifuged in a Foerst Centrifuge and air-dried and ashed (600°C for

30 minutes) weights obtained.




- 11 =

The sample for radionuclide determination was filtered through
No. 2 filter paper in a Buchner funnel and filtered and air-dried weights

obtained.

D. Fish
Small fish were collected by seining with 1/4" mesh nets in
slough or shallow water areas. Large fish were collected by bottom sets
with 1", 2" and 3" nylon gill nets or were obtained from commercial
fishermen in the area. Fish samples were preserved in 10% formalin for
transport to the laboratory. They were then identified, measured,
weighed and separated into parts or organs as desired for radionuclide

analysis.

A few other biologicai samples such as filamentous algae and
bottom organisms were picked up when found and preserved in 10% formalin.
No attenpt wvas made to systematically collect bottom organisms as this

phase of the program was to be carried out by the group at ORNL.

During the survey period, commercial fishing was being conducted
in Norris Reservoir and from Kingston downstream in the rest of the study
area. Some sport fishing, mainly for sauger and white bass was being
carried out, principally in the tailwaters of Watts Bar and Chickamauga

Reservoirs.

The principal collections were made in the Clinch River between

the mouth of White Oak Creek and Kingston where commercial fish were not

available. Shad, white bass and sauger predominated in gill net catches.




Skipjack herring
Gizzard Shad
Carp

Spotfin shiner
Bluntnose minnow
Bullhead minnow
Blacknose dace
River carpsucker
Quillback
Smallmouth buffalo
Bigmouth buffalo
Channel catfish
¥hite bass
Bluegill
Smallmouth bass
Largemouth bass
Logperch

Sauger

Sculpin

Brook silverside

A. Bottom muds

V. Preparation of Samples
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Thé following species of fish were identified from our collections:

Alosa chrysochloris
Dorﬁsona cepedianum
Cyprinis carpio

Notropis spilopterus

Pimephales notatus-

Pimephales vigilax
khinichtgis atratulus
Carpiodes carpio
Carpiodes cyprinus

Ictiobus bubalus

Ictiobus cyprinellus

Ictalurus punctatus
Roccus chrysops
Lepomis macrochirus
Micropterus dolomeiui
Micropterus salmoides

Percina caprodes

Stizostedion canadense

Cottus 8Po  2ivm Vs e 2

Labidesthes sicculus

No special preparation was given to bottom mud samples. They
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were weighed in their container and placed directly onto the crystal for
gamma scanning. The activity of the samples from Stations 2 and 3 was

too high to be counted by the usual method so that approximately 5 grams,
more or less--depending upon the activity of the sample--were air dried,

weighed, and counted on a stainless steel planchet.

For all mud samples corrections were made for self-absorption.

B, Water
Water samples were composited by combining a gallon of water
per day giving a ten gallon sample for each station. These samples were
then evaporated down to 3.5 liters and counted on the gamma spectrometers
in the standard 3.5-liter milk beakers. The water sample was analyzed

for strontium-90 after gamma scanning,

C. Fish
After being separated into species, the fish were divided
into various parts. These component parts were placed in the standard
plastic counting and storage containers, preservéd with formalin and
counted on the gamma spectrometer. For strontium-90 analyses the

samples were ashed at 600°C in a muffle furnace.

D. Other aquatic fuana
Clams were divided into two parts, shell and flesh., These
were gamma scanned and the shells were ashed and analyzed for strontiume

90,

The crayfish and snails were ashed; placed in plastic containers
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and scanned. After scanning these samples were submitted for strontium-

90 analysis.

The turtle was placed alive in a small cardboard box and set

directly onto the crystal. No strontium-90 analysis was made.

E. Plankton

No special preparation was given to plankton. After filtering,

the filters were placed in stainless steel planchets and counted on the

gamma spectrometers. No strontium-90 analyses were made on plankton;

VI. Resultis
A. Water

Sample gamma spectra of water collected from White Oak Creek
and from the Clinch River at Kingston, Tennessee are shown on Figures 2
and 3 respectively. Radionuclide concentrations for these various
samples are shown in Table 2. The predominant radioisotopes found were
cerium-144-praseodymium-144, ruthenium=-106-rhodium=-106, cesium=-137-
barium-137m, cobalt-60, and strontium-90. Traces of zirconium=95-
niobium-95 and possibly zinc-65 were indicated by these spectra. Plots
of the activitigs of the various isotopes at the various stations are
shown in 4. From this plot it will be noted that the cerium-144-
praseodymiumel44 and cobalt-60 disappear from the water phase quite
rapidly-little.activity from either of these nuclides being noted beyond
Station 3. Cesium=137 also seems to disappear from the water phase
quite rapidly--noactivity from this isotope being indicated below

Station 4. The ruthenium and strontium, however, appear to remain in the
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water phase for appreciable lengths of time as indicated by the plots on
Figure 4 for these elements. It is probable that this rapid reduction in
concentration in the water phase is due to the uptake of cerium-144-
praseodymium-144, cobalt~-60, and cesium=137-barium-137m by the bottom

muds either due to ion exchange, to adsorption, or to precipitation.

'B. Bottom Muds
Sample gamma spectra of bottom mud samples collected from

White Oak Creek and the Clinch River at Kingston are shown in Figures
| S and 6 respectively. It will be seen that the same isotopes found in
the water also appear in the spectra of the bottom muds with much higher
concentrations. Radionuclide concentrations for these various samples
are shown in Table 3. A plot showing the concentrations of the various
radionuclides in the bottom muds is shown in Figure 7. The low values
shown at Station 6 which were collected at Watts Bar Dam are probably
due to scour in this area and also to the fact that the mud sample from
this station showed very little clay content from visual inspection, the
main component being sand which has very low ion exchange capacity. The
high concentrations further down the river at the face of Chickamauga
Dam were consequently due to the deposition of materials transported by
the river or may be due to ion exchange in situ. Also it is likely that
the sample was not representative of the river since it consisted of ¥
grab samples. Corresponding nuclide concentration in the bottom muds

as determined from tributary samples are shown in Table 4. As might
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be expected, the nuclide concentration values reported for the sample
collected from White Oak Creek are quite high with the presence of
cerium-144-praseodymium-144, ruthenium=106-rhodium-106, cesium=-137-
barium-137m, zirconium=95-niobium-95, and cobalt-60 indicated. The
spectra of mud samples collected from Poplar Creek also show the preseﬁce
of the same nuclides as those found in the White Oak Creek samples, al-
though the concentrations are lower by a factor of one or two orders of
magnitude. Whether these isotopes found in the mud at Poplar Creek
originated from Whit: Oak Creek or whether it reflects discharge
practices in the K-25 area was not determinéd at this time. From the
data, however, it appears that the former premise is more dependable
since activity levels are lower upstream in Poplar Creek than at the
mouth, From the sample collected at Bear Creek little activity due to
man-made nuclides appeared although peaks are present which indicate some
activity due to decay products of both thorium=232 and uranium-238. The

same may be said of the sample collected at Fort Loudoun Reservoir.

It has been reported that two heavy-metals industries located
on South Chickamauga Creek just above Chattanooga might be responsible for
the high activity levels of strontium-90 reported by the Basic Water
Quality Network for Tennessee River Water at Chattamooga. While in
Chattanooga we inquired as to the activity of these industries and were
told that ome had discontinued operation about eight months prior to
this visit. In order to determine if there was a reservoir of activity
in the bottom muds- of the»South Chickamauga Creek which might be slowly

released into the water, a bottom mud sample was collected about 1/4 mile
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from its point of confluence with the Tennessee River. The gamma spectrum
of this mud sample shows little activity due to man-made nuclides., How~-
ever, peaks do indicate the presence of decay products of uranium-238 and

thorium-232,

C. Fish
In general when the samples were large enough they were
divided into component parts consisting of flesh; bone; scales; liver;
gill, heart, and thyroid; stomach, intestines, and contents; and the
remaining viscera. Each of these samples was analyzed separately in
order to determine the location of specific radionuclides in the body.
1. Stations 1 and 5
Gamma scans of fish samples collected from Station 1
(Norris Reservoir) and Station 5 (Fort Loudoun Reservoir) were obtained,
Nuclide concentrations are shown in Tables 5, 6, and 7. For relative
values these samples were taken as background; i.e. do not reflect any;'
influences from the discharge of White Oak Creek to the Clinch River., It
will be noted that in general slight concentrations in nuclides are re-
ported, this activity probably being due to fallout on the water shed from
weapons tests.
2, Station 2
The fish collected from White Oak Creek were small and
consequently it did not seem advisable to divide them into seven samples

as we did for larger fish. These small fish were divided into two

samples. They were gutted and the insides counted as one sample, the
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remainder of the fish counted as another,

The samples collected from White Oak Creek represent
three species, gizzard shad, white bass, and sauger; A gamma spectrum
»obtained from the analysis of gizaard shad is shown in Figure 8; Radio=
nuclide concentrations found in the above three species are shown in
Table 8. It is interesting to note that the activities of the gizzard
shad were significantly higher than those of the white bass and sauger
on a per kilogram basis. This is probably due to the fact that the
gizzard shad are lower in the food chain than the game species
represented by the bass and sauger; and consequently, due to their feed-
ing habits, accumulated greater quantities of all the nuclides than did

the latter,

3. Station 3
Gamma scans of the component parts of two game species
of fish, white bass and sauger, were obtained. Corresponding nuclide
concentrations are shown in Tables 9 and 10. Since these are game species
of fish the nuclide concentrations are smaller than would be the case with
filter and bottom feeding fish, The concentration of nuclides from the
component parts of the latter type fish are showm in Tables 11, 12, and

13.

The nuclides present in the fish collected at Station 3
are identical with those found in White Oak Creek and with the water

collected from White Oak Creek; however, the corresponding levels of

activity are appreciably lower. The nuclides found were cerium-144-
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praseodymium-144, ruthenium-106-rhodium-106, cesium=137-barium=137m,

zirconium-95-niobium-95, zinc-635, cobalt-60, and strontium=90.

The nuclide concentrations in the carp from Station 3 presents
an interesting picture. A perusal of the values shown in Table 13 indicates
that practically all the activity is tied up with the stomach, intestines,
and content. One might speculate that this fish had probably spent most
of its time in the Clinch River upstream of White Oak Creek or in one of
the tributaries flowing into this area and that it had only recently moved
into the area where it was caught. If this were true, then the high
nuclide concentrations of ruthenium and cesium in the intestinal samples
would indicate that this was taken up with the food and that the fish had
not been able to assimilate and fix this in his body organs to any extent.
Conversely one might say that the gizzard shad from this station had spent
an appreciable length of his time in waters with relatively high nuclide

concentrations.

4, Station 4
Three samples of game fish representing two species, sauger
and smallmouth bass, were collected at Station 4. Nuclide concentrations

are shown in Tables 14, 15, and 16.

Gamma scans of carp and carpsucker from this same station
were obtained. Figure 9 shows a gamma spectrum of the carp flesh. Nuclide-
concentrations—found-from amalyses of thelF compement- parts are shown in
Tables 17 and "18. - The same error in drawing- coficlusions concerning up-

\take;by<fish»vbieh~has“been stated for the smalliouth-bass are more




GROSS CPM/CHANNEL

o
o

10-2

I T 11T

I

[1I1]

AN

ERE

R |

|

O 10 20 30 40 50 60 70 80 90 100 1O 120 130 140
CHANNEL

GAMMA SPECTRUM OF CARP FLESH
CLINCH RIVER, KINGSTON,TENN. - 0-1.9 MEV. 100 MIN.

FIGURE 9




- 41 =

°gaTJIND = od
‘ L N~|o~ 1

*sosfieue (eorwayoorpea Kq poutejqo senfes °pezArele setdwes Joy ATuo umoys senyea oohm .

‘sul 61 3y31om Tv03 ‘ysTy T ¢3yStTem QATT

coe ome i — 0002 m sjuequ0)

pue auijlsajul

et com wes z - — - suog

69 ——e eem 1 06% ov8 —-— ysotd

Dpod JHjcd Bh/od 3 /od <33 /2d 33 /0d «31/od . o1dweg
06> 097 g9 g6Mge™  mier™Tuet™ 001 g0r S BT pAT D

09561 °ST = 6 °qed

YIAIY HONITO % NOILVIS WOUJ ¥ADAVS NI NOIIVIINAONOD FQITONNOIAVY
¥1 T4Vl




*S9TJINd = od
| L NA..OA T

°sdsfreue [edTwayooIped £q paurejqo sanyep °*paziTeur soydaes J0y A[uo umoys sanfeA oa.-m o

‘sul 606 IuITom 1103 ‘YSTY T *IUSTOM SATT

- - ce - - —— sa1JaRAQ

021 1 og --- 0T -—- proxiyy

‘3aedq ‘STITH

¥ g8 1414 8LE 0501 —— s3uajuo)

pue aurjysejul

it L = 02 - - BJIIIFTA

=ee 06¢ e oLe 061 it J3ATT

oge ——— £9 og 061 069 —— auog

00¢ 09 £9 oe 009 et e ysaly

162 081 g6 IAY 15141 0S6 0sLT 897®dg

T JB/ad Bh/od 3q/od L3 /od + 2% /od «39/od a1dueg
B eg- - ad=___ @
0060 00 992 6™ 6™ wertuer™  go1™ oot 420l %

0961

‘g1 = 6 °qad

YIATH HONITOD ‘¥ NOIIVIS WONJ SSVE HINOWTIVHS NI SNOILVYINAONOD FaITTOANOIAVY

ST T4Vl



= 43 =

°g91TJIND = od
1 NacOM 1

°sasf1eue Teorwaydorpeax Lq pautelqo sonfep °poziieue sojdwes JoJ AJuo umoys SoNTeA IS ..

06
*swd 0L IYBTOm Te307 *ysSTJ T °9I43Tom @AYT

— —-— — e —— —— BJIJOSTA

—cnen — — 1 I — 99189],

h A ——— b 4 059 ——- h 4 ~ouog

291 —— e —— 0.8 —— h 1 VEDIE |

601 ——= h A ——— —— 06¥ - S ]

h A h 1 h 1 h A h 4 -— proafyy

t3ae9H *STIYH

A e S I I s juajuo)

pue sur}sojur

/A jod L Hi/ad w35/od w55/ od v /o0 5/od sdueg

P ¢ O = I eg- = dd=

06> 09 0 g9 % g6 Wgg"? wer o zer ooﬁgm ooazm T

0961 °GT - 6 °qQad

YEAIY HONITO °% NOIIVIS °O1vddnd HINOWTIVWS NI NOILVHINEONOD WAITOANOIAVH
91 FTAVL




*99TIND od
T 213 = 1

*gesfireue TeotuwaysoTpea Lq paurelqo senyep cpezireue sotduwes J0y L[uo umoyy sINTeA 8.5 .

*sud 966 IuFrTom Te0} ‘ysIy T *uBrom aary

001 6 91 099 —— - SITJIVAQ

e L 0001 m—— -— S3UI3U0Y

pue JurlsRuUI

=== 0BT 0T - - — proxiyy

$3qesq *STTTH

o case ﬂ* o= - ->am an -Hoh.-ﬂg

808 === === m—e i o1g —-— suog

o8z —— === 1 09% e - qsotTd

169 m—— = - coe ——- -— s9Teog

ifod B/od HHijed Iy /od «39/0d 3 /od « 3 /od _ —s1dues

. X O IR ¢ e - = )

06> 000 0% 6M g™ wier ¥ et 9ot Moot wpT T pe1 0

0961 °ST -~ 6 °q9d

YAAIY HONITO °% NOILVIS WO¥J J¥VD NI NOLIVHINADNOD AAITONNOIAVH
LT AT4VL




45 -

*SITIND = od
r Nanoﬁ 1

egoghyeue Testwaysoiped £q paurelqo senyesy °pIziieue sofdues Joy ATuo umoys SINfeA omam -

*sul gL JyITem [e303 ‘YSTy T ‘IYIToM IATT

0¥ 06 — oew 009T och 219981

0. 06g 951 000°2T 000°0¢ 0018 Ju9ju0)

pue saur}sajuUY

——— - 9¢g — ——- -—- proadyr

3q@9H *STTTD

-— — J— . SR — setTIRAQ

. - -— —— —— — IPATT

0T == === ot ez 261 ——— suog

0€0T === == ot gze — - ysotd

288 R o - - - seTeog

Wed /A IFx/d L /ad «35/2d » 33 /od 3 /od @1 dureg
06 00 0" Mg mer ¥ uet™  pot W ool T  HHTS BET 0

0961 ‘ST ~ 6 °*qad
YFATY HONITO °% NOIIVIS WO¥d ¥MIONSJUVO NI SNOILVIINIAONOD HAITOANOIAYYH
8T ATLVL




- 46 =

vividly pointed up by comparing these two samples of fish which have
similar feeding habits. Here the nuclide concentrations are significantly

different.

S. Station 7

A fish sample consisting of four catfish, collected from
the Chickamauga Reservoir at Hixson; Tennessee, was obtained from a com-
mercial fisherman. Nuclide concentrations are shown in Table 19, The
results of the analyses of these fish for radioactivity are surprising
since none of the man-made isotopes appear in concentrations large enough
for determination by gamma spectroscopy; although the gamma spectra do
indicate the presence of the decay products of thorium-232 and uranium-238
in measureable quantities. Strontium=-90 concentrations were determined by
radiochemical means. Here aéain one might speculate that these fish had
spent all of their lives in one of the tributaries which is not effected
by discharge practices of ORNL and had only recently migrated into the
Tennessee River proper. Such an explanation would appear feasible provided
the information obtained from the commercial ~'isherman was true and these

fish had been caught from the Chickamauga Reservoir on the preceding day.

A gamma spectrum of a buffalc taken from Hales Bar Reser-
voir below Chattanooga was obtained and nuclide concentrations determined
for this sample are shown in Table 20. With the exception of cerium=144-
praseodymium=144 and cobalt=60, all the other expected isotopes are

present, some at surprisingly high leveiso

D. Miscellaneous Aquatic Fauna
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Gamma spectra of various aquatic animals consisting of snails,
crayfish, clams, and a turtle were obtained. Nuclide concentrations where
they could be calculated are shown in Table 21; In some instances the
counting geometry was not determined and consequently nuclide concen-
trations based on these gamma scans are not possible, However, all the
samples, except the turtle, were submitted for radiochemical analyses and
the results obtained f;;:strontiumngo are shown. It is significant to
note the level of zinc=65 found in the snail sample which was collected
from a small stream flowing intec Norris Reservoir, while only traces

were found in those samples collected at other places.

E. Plankton
Plankton counts indicated a very sparse population consisting
mostly of diatoms. Enune%ation of planktop gave the following results:

Station l-=Norris Reservoir--February 9, 1960
Melosira (centric diatom) - 11/ml

Station 4--Clinch River--Centers Ferry--February 14, 1960
Synedra (pennate diatom) - 22/ml

Station 4--Emory River--February 14, 1960

Chlamydomonas (green flagellate- 23/ml

Ceratoneis (pennate diatom) - 23/ml
Total 46/ml
Station 5--Tennessee River--Fort Loudoun Reservoir--
February 10, 1960
Cyclotella (centric diatom) - 68/ml

Synedra (pennate diatom) - 91/ml

Total v 159/ml
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Station 7--Tennessee River at Chattanooga~-February 15, 1960

Chlamydomonas (green flagellate)- 46

Golenkinia (coccoid green alga) - 23

Cryptomonas (pigmented flagellate) 46

Cyclotella (centric diatom) - 114
Melosira (centric diatom) - 68
Asterionella (ﬁennate diatom) - 23
Navicula (pennate diatom) - 46
Synedra (pennate diatom) 114

Total 480

Because of the sparse population of plankton, the size of
samples used were not considered valid for weight determinations. The

tow samples were also considered inadequate for radionuclide analysis,

F. Filamentous algae and higher aquatic vegetation were extremely
scarce except in the Clinch River above the backwater of Watts Bar

Reservoir where Cladophora sp was abundant on rocks in fast water,

G. Filter Sand from Chattanooga Water Treatment Plant
Gamma spectra of filter sand as collected; after washing, and
of two wash waters were obtained. Corresponding nuclide concentrations
for these samples are shown in Table 22, The filter of the unwashed sand
showed activity due to cerium-l44-praseodymium=-144, ruthenium-106-rhodium-
106, cesium=137-barium-137m, and cobalt-60, with a trace of zirconium=-95-

niobium=-95. In order to determine if this activity could be removed

from the sand by a simple back-wash procedure, the sand sample was
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placed in an approximaﬁely equal volume of water and slowly stirred for
about five minutes. After this preliminary washing the sand was again
resuspended in about an equal volume of water and stirred quite rapidly

for approximately 20 minutes to see if a@trition between sand grains

would remove any activity left on the sand after the first washing. This
latter spectrum indicated that the activity due to ruthenium, cesium, and
cobalt are very firmly attached to the sand particles and would be difficult
to remove by mechanical means. The type of fixation, however has not been

determined.

The concentration factors given in Table 23 appear to follow the
expected food chain relationships, with the highest factors in gizzard
shad, a definite plankton feeder, which obtains food close to the nuclide
source. The factors for bottom or filter feeders are somewhat lower and

for the game fish the lowest.

Table 24 shows the strontium=90 activities of various components of
fish collected from White Oak Creek, the Clinch and Tennessee Rivers.
Column 5 shows the concentration factors of these various component parts
in relation to the concentration of strontium-90 in water on an equal
weight basis. Column 6 shows the ratio of strontium-=90 in bones to that

in flesh, alse on an equal weight basis.

These data show that fish concentrate strontium-90 by factors

of 10 to 100 with the highest concentrations in the calcareous tissues--

bones and scales. The ratios of strontium=90 in bones to that in flesh
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TABLE 23

Radionuclide Concentration Factors By Fish In The

Clinch and Tennessee Rivers

[_pe/kg fish ]
[pc/liter water]

Sample Ce144-Pr144 au1°6=3h1°6 05137~Ba137n c;éo
Station 2

Gizzard shad — 10.4 7.4 22, .

White bass ——— -8 -8 °5

Sauger -— o3 o7 —
Station 3

White bass .13 ol 1,5 —

Sauger — 06 1.6 —

Gizzard shad 3.2 6,9 44 14

Skipjack herring--- 29 1.1 —

Carp —— o5 2,8 —
Station 4

Sauger — 8 | " ”1'20 | S

Smallmouth basg =-= o7 11.5 ——

Smallmouth

buffalo —— ol 8.7 P

Carp —-— o1 13,5 -—

Carpsucker —— 1.9 37.0 ——
Station 7

Buffalo 6.1 — -
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TABLE 24
Sr90 Concentration Factors for Various Fish Components
Water Activity Conc. Bone
Station Conc.  Sample pc/kg Sample Factor Flesh
pe/1 pc/kg Sample Ratio
pc/liter water
(1) (2) (3) (4) (5) (6)
2 2825 White Bass
Structure 56 .02
2 2825 Sauger
Structure 16 005
3 19,7 White Bass
Bone 665 33.8 2.2
Flesh 298 15.1
Scales 635 32,2
Sauger
Bone 485 24,6 4.2
Flesh 115 5.8
Scales 263 13.4
Gizzard Shad
Bone 850 43.2 0.6
Flesh 1365 69,3
Scales 1080 54.8
Skipjack
Scales 162 8.2
Carp :
Bone 1715 87.1 5.0
Flesh 340 17.3
Scales 1080 54,8
4 508 Sausgr -
Bone 155 2647 2,2
Flesh 69 12.0
Smallmouth Bass :
Bone 336 57.9 0.7
Flesh 500 86,2
Scales 291 50,2
Smallmouth Buffalo
Scales 109 18,8
Flesh 134 23.1
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TABLE 24 (Continued)
Srgo Concentration Factors for Various Fish Components
Water Activity Conc. Bone
Station Conc. Sample pc/kg Sample Factor Flesh
pe/1 c/kg Sample Ratio
7 pc/liter water
(1) (2) (3) (4) (5) (6)
Carp
Bone 808 139,3 208
Flesh 285 49,1
| Scales 691 119.1
% 4 5.8 Carpsucker »
Bone 1640 283. 1.6
Flesh 1030 178,
" Scales 557 96,
7 4.4 Catfish :
Bone 665 151, 13.4
Flesh 49,7 11.3

Average 3.6
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(Column 6) vary from 0.6 to 13.4, with an average ratio for the nine pairs
of samples of 3.6. This is somewhat lower than the value of 10 quoted for

humans. (Ref. Handbook 69 or ICRP).

Table 25 lists the amount of activity in the water phase passing
Stations 1, 3, 4, 5, 65 and 7 daily. These represent the product of the
values reported in Table 2 and the estimated flow of the river at the
particular station in liters/day. The dashes do not necessarily indicafe
zero values, but nuclide concentrations below the detectable level of the

instrument used for analysis.

The river flows at Station 1, 3, and 4 were taken to be the
average of mean weekly discharges at Norris Dam in February for the years
1939 through 1945; at Station 5 similar discharge values at Loudoun Dam
bwere used; at Station 6 discharge values at Watts Bar Dam were used; and

at Station 7 discharge values at Hales Bar Dam were used.*

From Table 25 it will be noted that the cerium-l144-praseodymium-
144, cesiun~137=bariun=137g, and cobalt-60 disappear from the water phase
during the first fifteen miles of river flow; while the ruthenium-106-
rhodium-106 and strontium-90 are retained in the water for a lonterr
period of time. Tge total activity values reported at each station do
not decrease consistently with distance or time of flow as one might

expect in a natural waterway with a constant uptake of these materials by

the associated environmental media, In fact terminal values for gross

* The data were taken from the publication "Engineering Data, Tennessee
Valley Authority Projects,; Technical Monograph No. 55", January 1947.
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amounts of these nuclides are largerlthan those reported upstream. Such
anomalies are probably due to the operation of the man-made controls on
these streams at the Watts Bar and Chickamauga Dams and to the methods of

collection of the water sample,

There are no man-made controlling fixtures in the Clinch River
between Stations 3 and 4 and the samples at these stations were collected
by similar methods and at similar depths., If these values are compared
(Table 25) a dimnpition of total activity for each of the nuclides is
shown at the downstream station and the anomalies mentioned previously

disappear.

The numbers in parenthesis after the ruthenium=106-rhodium=106
values at Stations 3, 4, Qq and 7 are the gross ruthenium=106-rhodium-106
activities divided by the gross strontium-90 activities at these individual
locations, The relative constancy of these ratios indicates that there
is little difference in the behavior of these radionuclides in this river

system after about six miles of flow,

Table 26 shows the nuclide concentrations calculated for the
unwashed filter sand, the two wash waters, and the washed sand from the

Chattanooga Water Treatment Plant,

The customary suspension of the sand during backwashing appears
to remove very little cerium-=l144-praseodymium-144 and cobalt-60, and

only about 8 per cent of the ruthenium=106-rhedium-106. Laboratory

findings show that more vigorous backwashing, (as perhaps when an air
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TABLE 26
Activities of Filter Sand And Wash Waters

(Activities in picocuries/sample)

|

Ce144-Pr144 RulOG_Rh106~ COGO
Unwashed Sand 212 3675 65
Washed Sand 126 1470 56
First Wash Water ——— 280 ——
Second Wash Water 89 2300 2
Total Activity in Latter three
Samples 215 4050 58
% Recovery 101 110, 112
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wash is used) would remove much more of the adsorbed activity because
of attrition between the sand grains. This would physically remove the

activity tied up with silts or bacterial growths on the sand grains,
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In an earlier reportl the uptake of cobalt byLE?gﬁﬁTﬁ“ﬁEtfﬁ?’ln e -

sediments was considered. This study was continued in order to

understand the behavior of ccbalt in solution and to evaluate the use of
this nuclide in possibly establishing the role of organic matter in
radionuclide uptake. In Table 1 the influence of pH on the hydrolysis
of cobalt is shown. The increasing removal of cobalt with increasing
pH is to be expected; the reduction observed at pH 10.0 - 9.5 is
considered to be due to the dispersion of colloids at these pH.

Several pH measurements of water from the Clinch River gave values about
8.5.

To gain more information on the uptake of cobalt by certain‘mineralé,
several materials were tested. These results are summarized in Table 2.
Arizona Bentonite shows a much higher affinity for cobalt than
Wyoming Bentonite which was reported earlier. Other tests have shown
that Arizona Bentonite has properties more nearly like vermiculite than
Wyoming Bentonite. The much higher Kq reported for vermiculite in this
test than in the earlier experiments is attributable to the much finer
particle size of the material in Table 2. Structural and steric
considerations of vermiculite favor removal of icns such as cobalt.

In Table 3 cobalt removals by several organic materials are included.
Note that with increasing contact time organic matter taken from a river

sediment removes appreciable quantities of cobalt. It should be mentioned

“—

~~

that the final pH of the organic matter increased to 6.8 for the 250 u

20 KL 95 108 4

\
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material and 6.1 for the 840 p material. Consldering the impurities
in the sample, the removal is excellent. Other tests using lignite (a
material of much lower ion exchange capacity than peat) showed that cobalt
is efficiently removed.

These studies, though preliminary in nature, are useful in
formulating procedures for ascertaining the radicnuclide budget in
the Clinch River. In addition to determining the mineral content of the
gsediments, studies will be made on the organic portions of the sedimeﬁt.
Selected samples which have been assayed fof radionuclides will be
analyzed for their particle size distribution, ion exchange capacity,
radionuclide content after hydrogen peroxide decomposition of organic

matter.

Reference

1. A. Sorathesn, G. Bruscia, et al., "Mineral and Sediment Affinity for
Radionuclides,” ORNL-CF-60-6-93, July 25, 1960.




Table 1. Effect of Solution of pH on the Removal of Cobalt

Per Cent Removal After

pH
Initial Final 2 hours 20 -hrs 120 hrs
4.0 4.3 0.0 0.0 0.0
6.0 6.9 6.6 7.2 17.7
8.0 8.0 22.4 19.6 19.5
10.0 9.5 9.9 12.7 9.4

R T
et e e e e e el o s B S S

Table 2. Cobalt Removal by Several Materials at Selected pHL(

c Per Cent Removal at Ks

ontact

Material Time PH 6 pH 8 pH 6 pH 8
1 hr 8.96 39.10 200 1280

BIOTITE 1 day 10.80 72.31 240 5200
5 days 11.93 86.81 270 13,100
1 hr 20.82 35.71 530 1110

TILLITE 1 day 32.10 66.51 950 3990
5 days 42,38 84.17 1570 10,600
1 hr T4.08 78.86 5720 7560

ARTZONA 1 day 92.40 87.40 2k, 300 13,900

BENTONITE 5 days 98.70 90.05 151,800 18,100
1 hr 66.29 .73 3930 5900

VERMICULITE 1 day 79.80 92.03 7900 23,100
5 days 92.86 97.66 26,000 83,500

*o o 60
.05 gram material in 100 ml Co solution.




Table 3. Cobalt Removal by Several Organic Materials and River Sediments.

. Per Cent Removal After Kq After
Particle

Material Size PH 1l hr 20 hrs 120 hrs 1 hr 20 hrs 120 hrs
Peat Moss > 20 mesh 5.5 95.95 96.92 23,700 31,500
Peat Moss < 30 mesh 5.3 97.76  97.94 k3,600 47,500
River Sediment - 8.2 96.9% 94.80 31,700 18,200
6.0 - 150
River Sediment - 8.2 94,48 96.08 17,100 24,500
7.0 - 450
Organic Matter 250 n 5.5 13.23 40.89 70.17 300 1,380 L, 700
Organic Matter 500 W 5.4 11.88 L46.86 84.03 270 1,760 10,500
Organic Matter 840 u 5.3 1l0.48 38.73 82.61 230 1,270 9,500
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Collection

Locus . Date hw‘ 137 60 9.

Cs ' Co Sr

: . Bhc/kgy live weight
Carp (2) CEM 14.6 ° 6/61 418 158 9,400
(11) CRM 14.6 12/61 _ 273 418 10,466
(54) CRM 14.6 3/62 6. 25 11,847
(3) TRM 362.7 6/61 - 170 @89 s 2,190
(4) TP 538.8 12/61 | 57 1,982

Shad (3) QW 14.¢ /6l S 7181 104110

(1) & 146 12/61 7,944
(21) e 14.6  3/62 - s 4212
(?) ) e L : 170 1,860
(4) " 8/61 ' |

Sight- .,
Feeders (1)cu 14.0 6/61

(?) Cﬂ 14.6 12/61 7
(13) CRM 14.6 3/82 -

(2) . cm 146 362 gs
(3) CR¢ 14.6 3/82. - , a1 .
(1) TEMse2.7 /81 - 3;m
(4) TRM 538.8 12/61 333

Bottom. p - - o o
Feeders (4) CRM  14.6 6/61 - 1,230 - : ll,m

(8) CR 14.6 3/82 . 38 PR 6,926
(1) TRM 562.7, 6/61 0 3,084 . 8%
(7) : TEM S17.9 6/61 399 122 1,400
& Spociu 1isted accerding te collection, rumtinly. uugcr,
-uconalarmh bu-, vhxto bass, umr. T .

b. josed of umuckcr and buffale. Thou uu hn .ppmintoly. :
« the same coneututim of these ndioauendn
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tudhc lpctn show coatrastisg mnuou in. ﬂthulu-loo concu-

tntlou." The uly other appnrcnt .hnrutlel conccnlng clm!ﬁ-

cation accordin; to fndiqg hnbits is the hr‘c accumulation of

-

.o cobalt-60 in the bone of the botto-fudcn. _
L | It 1s obviows that tryiag to lump fish together by r.«n-‘
hbttl is enly an approxintion‘ since lp«:!u diftcmcn cause
variation 1- utivity levels. loquor, sone upoculatiol about
distributies within the river system has beea made. The lovoll of
activity infish collected differeat distances downstress from White
~ Oak Creek 14 sommarized for bottom-feeding fish ia Status Repert No.
. + 3 are an oﬁlo of this. The effect on activity seems to be
I _primarily diligion but factors like -pocu. ‘mwat have llplflcut
T effeat ot

L . 1.101. dees

with time of colloct!ol. Aln lnll‘od m w:
i September, 1960, whick are summarized in Status

] mh.tlon i results follows no appurut pltt.rl
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PROGRESS REPORT NO. 3
/.7'5/{ SUBCOMMITTEE ON SAFETY EVALUATION
Clinch River Study Steering Commitﬁeo~wu ey

December k4, 1963

s

— Introduction » ’ {

When radioactive material is released t0 a body O WoTET Tl E = am—:
a complex network of mechanisms by which the material is transmitted
from one component, animate or inanimate, to another. At each point in
the network or chain of transmission, humans or other life forms may

receive some degree of radiation exposure. The probability that human

exposure will occur and the degree of such exposure depend, at least,

A0y
U\
m
[
Py
e

~0 JL
upon interactions within the body of water that includes the contaminants

that are released to the water, the habits of people who are likely to
be exposed, and control measures used to minimize exposure.

Knowledge of water utilization downstream indicated that the impor-
tant avenues of exposure resulting from discharge of radiocactive fluids
to the Clinch River may include: (1) consumption of contaminated water
and fish, (2) exposure to contaminated water and bottom sediments during
recreational and industrial use of the water, (3) consumption of agri-
cultural produce that may be irrigated with river water, and (&) expo-
sure to build-up of radionuclides in sludge and deposits in water systems
utilizing river water.

Estimates have already been made of the dose rate associated with

external exposure to contaminated water and bottom sediments, of the po-

tential problems that may result from use of contaminated river water




for irrigation purposes, and of the fraction of maximum permissible dos-
ages likely to be received from drinking Clinch River and Tennessee River
water.l’ 2 This report includes additional consideration of the dose
received by ingestion of known concentrations of radionuclides in drink-
ing water and calculations of internal exposure duvue to consumption of
contaminated fish and external exposure due to build-up of radionuclides

in water systems utilizing river water.

Drinking Water

The fraction of MPCw attained for the case of internal dose was cal
culated according to recommendations of the ICRP.3 For a mixture of in-
variant composition and based on a particular organ, x, the fraction of

MPC_ that is attained is given by:

Z Pwi
i X : (1)
(upe),
where
PWi = the concentration of the particular radionuclide in wa-
ter and
(MPC)ii = the maximm permissible concentration of the particular

radionuclide in water for the organ and individual of

interest and for continuocus exposure.

The values of Pwi are average values, the period of averaging being
1 year according to the recommendations of ICRP, NCRP, and FRC. All MPCW

values used for data relating to the Clinch River are taken as one-tenth

of the occupational MPCw values for continuous exposure. To cobtain MPCW




values relating to the Tennessee River, the MPCW for continuous occupa-
tional exposure has been reduced by a factor of one-hundredth for whole
body as critical organ and by one-thirtieth with thyroid, bone, and GI
tract as the critical organs. Results of calculations of the fraction
of MPCw in water from the Clinch River and Tennessee River were given in
Progress Report No. 2 (ref 4). For the mixture of radionuclides encoun-
tered, the estimated exposure to the bone was largest, attaining 0.51 of
the MPCW limit in the Clinch River during 1954. Improvements in waste

90 whereby the

handling and treatment have reduced the discharge of Sr
fraction of MPCW.attained has been loweredvto approximately 0.05,

If the fraction of MPCW calculated from equation 1 is multiplied by
the asppropriate annual dose rate permitted in the particular organ of in-
terest, an annual dose rate is obtained. A careful interpretation of
such values is necessary, since the calculated MPCW only applies to a
long-term and stable situation. The MPCW values are set by the require-
ment that the dose rate (rems/week) after 50 years of exposure of an
adult shall not exceed a recommended limit. During a 50-year exposure
period, equilibrium is reached by most of the radionuclides, because their
effective half life is short compared to 50 years. However, in the case
of Sr90, the allowable annual dose rate is reached only after 50 years of
continuous exposure to the MPCW. For this reason, calculation of actual
dose received by ingestion of known concentrations of radionuclides is
desirable. As a second interpretation, the calculated dose rate may be
considered as the dose that will be received by an adult during the next

50 years due to the exposure with Pwi' Actually, the dose delivered after

various times following the intake period depend upon the effective half

life of the isotope involved.




Because the MPC's which enter into the calculations have been esti-
mated onrthe basis of so-called "standard man,” the dose really represents
only that which would be received by a person of physical characteristics
and habits resembling standard man. Thus, the doses estimated should be
considered as average values for typical adult individuals. Very little
is known at the present time concerning differences in metabolic rates
or processes of children and adults as they relate to important radionu-
clides. However, dose correction factors that take into account differ-
ences due to intake and organ size can be estimated.5

During ingestion of water, the activity present in a critical organ
of the body at time, t (after the start of ingestion), can be expressed

3, 6

as
%
-t
Q=fWRXf e ©  at! (2)
o) .

where
Q = pc present in critical organ,

f = fraction of ingested radionuclide that is retained in the criti-
cal organ,3

R = rate of intake of water,

X = concentration of radionuclide in water during exposure,

A = effective half life of radionuclide (year), and

tt

il

a time variable.

By assuming the concentration of a radionuclide in water is the average
annual concentration and the rate of water intake is 2.2 liter per day

(standard man), equation 2 is integrated over a time period of 1 year

giving
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where

pe present in the critical organ due to the intake of water

(1),

during a particular year, t, and

ol
il

average annual concentration of a radionuclide in water dur-

ing a particular year,bt.

After the exposure period, t, the quantity of radionuclide remaining in

the critical organ is given by

AT
an), =), e ° ()

where

T = the years after a particular year, &, and 1 <7< n., Since the
quantity of water consumed by‘an individual is a funetion of the indi-
vidual's age, the critical organ burden is also a function of the indi-
vidual's age. Thus, an intake correction factor, 37 (where y is the
individual's age during a particular intake period), must be applied to
equations 3 and 4., For example, assume an individual of age 7 = 10 began
to consume contaminated water at the beginning of year, t = 1, the criti-
cal organ burden of a ?articular radionuclide each year for a periocd of

3 years would be determined as follows:

Period Body Burden (uc)
t=1 31T,
t =2 311 UT), + 30R(A) 4

t =3 3,0T)5 + 370Q0A) 5 + 35Q(8) 5, (5)




The dose received by the critical organ during a particular exposure

year, t, is

t
p(1),- 2 [ (6)
af
2 o
where
MPD = the maximum permissible dose rate to a particular organ and ,
MPCW R fw -xeso _
qu = l--e ] , the fraction of radionuclide in the
e

critical organ after 50 years of continuous exposure.

By substituting equation 2 in equation 6 and integrating over an
exposure period of 1 year, the dose received by the critical organ during
a particular exposure year, t, is

-\

MPD g e
t l1-e )
(1), = ——5—=5 [1 - ] (1)
e e
l-e
where
g = E%E- , the fraction of MPCW in water during a particular year, t.
W

After the exposure period, t, the critical organ will continue to be
irradiated by the radionuclide retained from the exposure period. The
length of time for such residual exposure depends on the effective half

1ife of the radionuclide. The dose after exposure is given by

MPD gt le t -xet' T -ket"
= e ——————————— 1 "
D(A)tr = ~% 50 U/\ e dt e dt (8)
1-e °© (o] T-1
where

£" = a time variable.




Integration of equation 8 over an exposure period of 1 year and post

exposure period, v, gives

- )\'e
MPD gy 1-e¢e

-2 _50
A [l - e © ]
e

The total dose received by a particular critical organ due to a par-

D(a),, - [ (9)

ticular radionuclide after a number of years of exposure is then the sum
of equations 7 and 9. A dose correction factor must be applied to equa-
tions 7 and 9 to account for differences in the intake and organ size of

the individuals under consideration. The dose correction factor is

h = —T—RV/MV (10)
7 Rsm Mém )

where
R, = the rate of water intake of an individual of age, 7,
oy = the rate of water intake of standard man,
M& = the weight of the critical organ of an individual of age, 7, and
o = the weight of the critical organ of standard man.

For an individual of age, y = 10, who began to consume contaminated water
at the beginning of year, t = 1, the dose received each year for a period

of 3 years would be determined as follows:

Period Body Burden (uc)

t

1 hiy D(I)l

£ =D hll D(I)2 + hlo(Mj_O/Mll) D(A)ll

t =3 by, D(I)y + by (M /M,y B(A),, +'h11(“ﬁl/M12) D(a)y;  (11)




A code was developed for Control Data 1604 that permits machine com-
putation of critical organ burdens and dose received. A final dose evalu-
ation, taking account of all known factors that might affect the resuit is
not available at this time. The code was run under the following
assumptions:

1. Individuals of ages 1 through 18 and standard man drink
untreated water from the Clinch River at mile 14.5 (the
neighborhood of the controlled area of ORNL). They con-
tinue to drink water from this source through 1961, fol-
lowing which water is obtained from an uncontaminated
source.

2. Intake and skeleton mass may vary with age as previously
indicated. Thus all water taken into the body in foods
or other form is assumed equally contaminated.

3. The per cent of totalyéctivity due to Sr9o in 1944-1948 is
the same as that for the period of 1949-1958.

k., All other factors that might effect the results are
negligible. |

The relative annual dose rates were computed and are shown in Fig. 1, nor-
malized to the maximum individual dose found; that is, the dose to the
14 year Qld; The differences in dose rate are attributed to differences

in intake and size of the skeleton. Unquestionably, refinement of these

preliminary calculations is necessary before a dose evaluation can be made.
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Contaminated Fish

Fish which feed in the Clinch River and Tennessee River downstream
of White Oak Creek assimulate some of the radionuclides that are released
to the river system. Since fish is a staple of man's diet, radionuclides
present in the fish will contribute to the total dose received by man.
Parker has shown that a catastrophic release of radionuclides from the
biota of the Clinch River system is guite unlikely; the total inventory
of radionuclides in the biota is estimated to be less than 1 curie.7

The data on radionuclide concentration in fish, used to estimate the
dose that man may receive, was developed by the Subcommittee on Aquatic

8-13

Bioclogy, Clinch River Study Steering Committee. Fish were collected
during various seasons for the period of 1960 to 1962 and were processed
to approximate, insofar as possible, normal human utilization.9’ 15 Bot-
tom feeders (carp, carpsucker, and buffalo) were processed either by
grinding the flesh and bones together (total fish analyses) or by removing
the flesh after cooking (flesh analyses) and sight feeders (white crappie,
bluegill, white bass, large mouth bass, sauger, and drum) were processed
by removing the flesh after cooking. For this analysis, catfish are in-
cluded with the sight feeders, since only the flesh of the catfish was
processed. Another fish sampling program was completed May 1963, but ana-
lytical results were not available for inclusion in this report.

Not all species of bottom feeders and sight feeders were collected with

each sampling program; the number of a particular speciles collected varied.

Therefore, for this analysis, all bottom feeders collected are considered

as one sample; sight feeders were handled in similar manner., This assumption
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precludes any differences in fish due to the time of éollection. That
is, information on seasonal variation of such factors as feeding rates
and water content of the flesh and their effect on radionuclide concen-
trations is unavailable and cannot be considered in the calculations.
Results of analyses of fish collected from the Clinch River and Ten-
nessee River are listed in Tables 1 and 2, respectively. Average values
are given for the four principal nuclides detected (Sr9o, CslBT, Ru106,
and Co6O); variation of the averages is indicated by the standard error
of the mean. Standard errors do not appear where fish were composited
before analyses. Bottom feeders are listed by species, since information
is available on the total quantities of these fish harvested commercially
from Watts Bar Reservoir and from East Tennessee (Table 3). Information
on sight feeders harvested is meager in comparison and does not warrant
analyses by species. Only sport fishing takes place on the Clinch River.
Average values are observed to vary by factors ranging from about
é to 5 between fish types from the same river; similar variations occur
between fish of the same type but from the two rivérs. A peculiar dif-

90

ference is noted inASr concentrations in sight feeders; the average con-
centration in Tennessee River fish is about 50% larger than Clinch River
fish. At present there is no explanation for these differences., TFour
carpsuckers, collected at Clinch River Mile 19.6, contained sufficient
radionuclides to audioradiograph. This is typical of fish that have spent
considerable time in White Oak Creek (or White Oak Iake).lh Inclusion of
these fish in the analysis can be seen to increase significantly the aver-
age concentration of radionuclides.

An estimabte is made of man's intake of radionuclides by assuming an

2 This rate of fish consumption

annual rate of fish consumption of 37 lb.l










Tatie Z. Concentration of Radiomuclides in Fiesh -f Tennessee Aiver Fia:
(auc/kg fresn wetiont)
?s;ih % 157 :\:6; 6,7
Species Sr Cs Ru” lo
carp : (13)% 120 ¢ 33 (18) 180 + 55 (14} 30 £ 27 () 71 :
Tarpsucker (10) 99 * 2% (10) 13C « 27 (10} £y 1 23 (17} <z o+
31zrt Feeders® (eu) 250 (2u) 170 {2u) W {2uy 7
ak‘Parwzsm,lmtica); values are number of fish analyzad,
bSight feeders include white crappie, blueglll, white bass, larse-

mouth tass, sauger, and drum; catfish alac included.
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Table 3, Commercial Pish Harvest from Watts Bar Reservoir

and East Tepnessee
(pounds fresh weight)

Smallimouth
Location Carpsucker Carp Buffals
Watts Bar Reservoir 15,600 23,700 i£1,000
Tast Tennessee 61,700 135,000 227,000
Fish Dilution Factor 3.95 5. 70 2.0

sounds of Bast Tennegsee fish

£ €3 =
j-FiSh iilutian factor dpo‘m of Wwatts Bar fish ¢

L T L
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applies to commercial fishermen and, as a result, would estimate the
intake of an admittedly high exposure group. Data on the gquantity of
specific types of fish consumed and method of preparation 1s not avail-
able. Thus calculations made are based on the annual consumption of 37 1b
of bottom feeders, considering both the total fish and the flesh, and con-
sumption of 37 1b of sight feeders, considering only the flesh. The frac-
tion of the various species of bottom feeders caught is assumed to be
distributed according to commercial harvests from Watts Bar Reservoir.
Estimates of the annual intake of specific radionuclides by consuming
Clinch River or Tennessee River fish are given in Tables 4 and 5, re-

90

spectively. A very noticeable increase in Sr” intake is observed when
consumption of bottom feeders (total fish) is considered. This signifi-
cantly larger inteske is due to the concentration of Sr9o by the bones

of the fish, all of which are assumed to be eaten. Consumption of 37 1b
of "fishburgers" each year is certainly an overestimate and unnecessarily
conservative. However, without better data of fish consumption, it is
impossible to arrive at a more reasonable value of intake.

Radionuclide intake by the general population is likely to be influ-
enced by all fish harvested in East Tennessee, in addition to the differ-
ences in radionuclide content among species of bottom feeders. Applying
the fish dilution factor (bottom feeders) for East Tennessee fish (Table 3),
annual intakes were recalculated and results are given in Tables k4 and 5.
A significant reduction in radionuclide intake is observed, ranging from
factors of about 2 to k.

A maximum permissible intake (MPT) is calculated by assuming a daily

intake of 2.2 liters of water containing the maximum permissible concen-

tration (MPC) of the radionuclide of interest. Values used for MPC are
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Table 5. Estimated Anpusl Intake of Rediomuelides by Assumed
Consumption of Fleeh of Temnesses River Fiah
(10°7 uc/year

st

1.9 t otﬁ

0.39 0,075 0.53 $0.11
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discussed at length elsewhere.l6 Using the estimated intakes (Tables L
and 5), it is possible to calculate the fraction of MPI attained for the
various critical organs as a result of eating contaminated fish (Tables 6
and 7). Estimates indicate that bone of the postulated high exposure
group may receive the largest dose; on the average, 28 to 34% of the MPI
may be attained as a result of consuming bottom feeders (total fish) from
the Clinch River. Strontium-90 is responsible for essentially the entire
bone dose.

Considerably more information would be required to estimate the dose
received due to past events. For example, desired information would in-
clude at least: (1) rate of transfer of radionuclides from water to fish
(flesh and bone) as a function of radionuclide and stable element concen-
tration, fish age, and season of the year; (2) rate of transfer of radio-
nuclide from bone to flesh while cooking; and (3) type and guantity of
Tish consumed, method of fish preparation, and dietary habits of individuals
as a function of age. Current research suggests that the concentration of

90

Sr in the flesh of white crappie reaches equilibrium rapidly with the

17

water. Such information lends itself to answering, in part, the ques-

tions raised by (1) sbove and extension of these studies will enhance the

ability to estimate doses to man due to past events.

90

An interesting calculation is made based on the Sr content of the

four carpsuckers previously mentioned. The combined weight of flesh and
whole fish (flesh and bone) for the four carpsuckers was 0.51 kg and

90

0.85 kg, respectively; the Sr” concentration of flesh was 500 uuc/kg and

of whole fish was 4300 upc/kg. An individual eating the four fish could

have attained 0.3% of MPI (bone) from the flesh and 4% of MPI (bone) from
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g,hﬂ * 0.051




Tadble 7. llth:ﬁthﬂ“ofl!!w
mwm&amm&wlm

Bottom | T.2% 1A 6212 1.2

1.




21

the whole fish. Although such an event is unlikely, it seems appropriate
to reduce further the probability of its occurrence. Such reduction is
possible by preventing fish from leaving the controlled area of White Oak
Lake and preventing fish from feeding in the stretch of White Osk Creek

extending from White Osk Dam to the Clinch River.

Radionuclide Concentration in Water Systems

The presence of radionuclides in the raw water entering a water
treatment plant may create, through processes of concentration, an exter-
nal or internal dose problem. Three water systems using Clinch River water
as a source of supply were investigated. The Oak Ridge Water Plant has
its raw water intake at CRM L41.5, well above the confluence of White Cak
Creek and the Clinch River. The other two wabter treatment plants - the
Sanitary Waber Plant serving the Oak Ridge Gaseous Diffusion Plant (ORGTP)
and that serving the Kingston Steam Plant - have water intakes at CRM 1k
and CRM 3, respectively. The water treatment plants are basically similar,
differing only in design details. Treatment processes include: prechlori-
nation for algae control; coagulation using alum, soda ash (as dictated by
raw water alkalinity), and occasionally coagulant aids, for turbidity
removal; settling; filtration (either sand or anthracite media); and post
chlorination for disinfection. Activated carbon is used when taste and
other problems occur. Water used in boilers 1s treated further by zeolite
softeners.

The investigation consisted of external radiation surveys, using a
scintillation-type survey meter (calibrated with radium) and collection

of samples of sludge from settling basins, condensers, hot water heaters,
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boilers, air conditioners, and an elevated tank, samples of sediment from
filters and cores of filter media, and samples of zeclite softener regen-
erant, as well as the softener media. Results of sample analyses are

incomplete and will be reported at a later date.

At the time of the surveys, various amounts of water had been treated
since the last time settling basins had been cleaned or filters backwashed
(Table 8). Thus, there was variation in the amount of sludge accumulated
in the settling basins or sediment accumulated on the filters. Results
of the external radiation survey are summarized in Table 9. Generally
there was little difference noted in dose rates at different units of the
plants. Any increase in dose rate above background levels (referenced to
the Oak Ridge Water Treatment Plant) was, with one exception, undetectable.
At a distance of 2 in. sbove a partially drained filter at the Kingston
Steam Plant supply, a dose rate of 0.021 mr/hr was detected. The dose rate
remained the same after the filter was backwashed., It is likely that the
anthracite media of the filter is to soﬁe extent concentrating radionuclides
by ion exchange; this is currently being investigated by laboratory studies.
The dose rate above the filters (0.015 mr/hr) of this supply is also in-

fluenced by the natural radiocactivity present in the shale-block used for

construction of the building walls.
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< Subcommittee on Water Sampling and Analysis
' Clinch River Study

December 15-16, 1964

Purpose of Work

The basic purpose of the work of the Subcommittee on Water
Sampling and Analysis is to collect and interpret such informstion con-
cerning radionuclides suspended and/or dissolved in the waters of the
surface streams downstream from Oak Ridge, Tennessee, as will assist the
Clinch River Study Steering Committee in pursuing the basic purposes of
the entire study, namely, "(1) to determine the fate of radioactive
wrterials currently being discharged to the Clinch River, (2) to deter-
mine z2nd understand the mechanisms of dispersion of radionuclides
released to the river, (3) to evaluate the direct and indirect hazards
of current disposal practices in the river, (4)to evaluate che over-all
usefulness of the river for radiocactive waste disposal purposes, and
(5) to recommend long-term monitoring procedures."

Included as part of the work of the subcommittee is the deter-

mination of the mineral quality of the surface waters involved in the
over-all study. '

Method of Study

General--The general plan of the study involved systematic

collection and analysis of water samples at selected sampling stations.
Daily subsamples of water, the individual volumes of which at each sta-
tion (except at Loudon) were proportioned to the volumes of daily
streamflow passing that particular station, were composited weekly for
analysis (monthly for most mineral analyses). Such analyses provided.
the mean flow~proportioned concentration of each radionuclide of interest
passing each station each week. By combining this mean concentration
with the total flow of water passing the station during each week, the
total load, in curies, of each radionuclide passing the station was

= determined. The cumulative load of each radionuclide at each station
was plotted progressively with time. The mass curves so produced reveal
on cormparison, one with another, the quantitative loss (by sedimentation,

- biological uptake, etc.) or gain (from fallout on the watershed) of this

' particular radionuclide between successive downstream stations.




(.Y

The Centers Ferry sampler malfunctioned (see Progress Report
No. 3, of the Subcommittee on Water Sampling and Analysis, page 27)
during September through November 1961. This malfunction possibly
affected the suspended-sediment results for all radionuclides. The
degree to which the results are affected is dependent upon the proportion
of a given radionuclide associated with the suspended solids.

Sampling Stations~-Sampling stations used in the study are
located as follows, and as shown in figure 1:

. Clinch River at Osk Ridge water plant--Clinch River mile 41.5
White Oak Creek at White Oak Dam, mile 0.6

Clinch River at Gallaher Bridge--Clinch River mile 14.6

Clinch River above Centers Ferry--Clinch River mile 5.5
Tennessee River at Loudon, Tennessee--Tennessee River mile 591.8
Tennessee River at Watts Bar Dam=-Tennessee River mile 529.9
Tennessee River at Chickamauga Dam--Tennessee River mile 471.0

.

~ O\ W

Period of Sampling--Except for the station at Gallsher Bridge,
sampling was begun in November 1960 and extended through November 1962.

. At Gallsher Bridge, sampling was begun on January 8, 1962, and was

discontinued at the end of November 1962.

Sampling Procedures--Sampling procéaures at each sampling
station have been explained in detail in previous progress reports.

Radiological Determinations--The radionuclides of primary
importance in the Clinch River Study, in the order named, are
strontium-90, cesium-137, cobalt-60, and ruthenium-106. Consequently,
determinations were made of concentrations and total loads of these
radionuclides. All radiological determinations in this study have been
made by the U. S. Public Health Service, Cincinnati, Ohio.

Details of sample preparation and analysis have been explained
in previous progress reports.

Stream Discharges~=The necessary data on streamflows at the
five upstream sampling stations have been provided by the U. S. Geological
Survey, through the cooperation of its Tennessee District. Discharges at
Watts Bar and Chickamauga Dams have been supplied by TVA. (See plotted
streamflow data in figures 2 and 3.)

- Mineral Analyses--All mineral analyses were made in Nashville,

Tennessee, by the staff of the Tennessee Stream Pollution Control Board.
Methods used and results obtained have been included in previous progress
reports.
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Revision and Extension of Data Previously Reported

Progress Report No., 3, issued February 6, 1963, reported
results on the four radionuclides of interest to this study from the
beginning of sampling in November 1960, well into the summer of 1962,
However, due primarily to a reexamination and corrections made by per-
sonnel of the U, S, Public Health Service, of the electronic computer
program used to determine concentrations of cesium-137, cobalt-60, and
ruthenium=-106, many major changes were made in previously reported con-
centrations of these three radionuclides. The program in error
systematically produced results that were 50 percent to 100 percent too
high, for the samples of larger size (i.e., all samples except those for
White Oak Creek). Correction and updating of the computer program pro-
duced the results reported here. In addition, a few changes have also
been made in previously reported concentrations of strontium=90 as a
result of further checking of the sample calculations. Consequently,
this report includes tabulated and plotted data on all four radionuclides
that supersede the data reported in Progress Report No. 3. 1In addition,
the data on all four radionuclides at all seven stations have been
extended through November 1962, i.e., to the end of the two=year sampling
period. The tabulated radionuclide results are accurate to no more than
two significant figures. The additional figures were tabulated for
statistical reasons only.

All data reported as negative values were assumed to be zero
when determining loads for the mass diagrams., This probably gives a
slight positive bias to the results.

Lower Limits of Detection of Radionuclides

To assist in judging the reliability of the mass curves, infor-
mation concerning the lower limits of detection of radionuclides was
obtained from the U. S. Public Health Service. These data are shown in
the following table., Some values below these lower limits of detection
are reported in the tabulation of radionuclide concentrations and were
used for calculating the cumulative loads shown in the mass diagrams.

Approximate Lower Limits of Detection¥®
Picocuries per liter

Strontium=-90 Cesium-137 Cobalt-60 Ruthenium-106

White Oak Creek (TS

and SS) 1 11 9 45
White Oak Creek (DS) 1 67 Lh 190
Other Samples (TS

and SS) 0.03 1 1 2
Other Samples (DS) 0.03 b 2 11

*Estimated on the basis of 2 sigma counting error associated with a blank

determination (background only). The presence of any other radionuclide
in a given sample would tend to raise slightly the lower limits for

cesium~137, cobalt-60, and ruthenium-106.




Strontium~-90, Concentrations and Total Stream Loads

Concentrations of strontium~90 found in all samples at all sta-
tions for the two-year sampling period (strontium-90 data ended November 10,
1962, at all stations except White Oak Dam and Loudon) are shown in table 1.
Since some counting error is probable for every sample, the true activity
level (as determined by counting) in the sample is thought to fall within
the range indicated by the magnitude of the plus or minus value (95 percent
confidence limits) included with each reported concentration. The plus and
minus values infer the level of precision in counting rather than the
accuracy of the result since some additional uncertainty arises as a
consequence of the chemical separation processes involved.

Maximum concentrations found in the weekly (monthly at Loudon)
composite samples (including both suspended and dissolved solids) are.
shown in the following tabulation:

Maximum and Mean Concentrations of Strontium-90

Highest Period of Flow-Weighted
Station Concentration Occurrence Mean Concentration
pc per liter pe per liter
Clinch R. at Oak Ridge :
water plant 5.0 12/4-10/60 0.71
White Osk Creek at
White Oak Dam 17,450 11/13-19/60 1,349
Clinch R, at Gallaher Bridge 11.67 L4/29-5/5/62 L, 5%
Clinch R. at Centers Ferry h2.6  12/25-31/60 L.2
Tennessee R, at Loudon, Tenn. 2.3 January 1961 *%*
Tennessee R. at Watts Bar Dam 16.4 12/25-31/60 1.6
Tennessee R. at Chickamauga Dam  1k.1 1/15-21/61 1.6

*Record begun January 8, 1962,
*¥*¥Not applicable.

In this tabulation, the values in the last column were obtained
by dividing the total cumulative stream load for the period of record by
the corresponding total volume of streamflow. The mean concentration so
obtained is not the same as the mean concentration over time. (In fact,
it is-impossible to determine the mean concentration on a time basis
from the basic data.) At only the White Osk Creek station does the flow-
weighted mean concentration exceed MPC values for drinking water,.
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To determine what portion of the total strontium-90 activity is
assoclated, on the average, with the suspended solids, and what portion
with the dissolved solids (meaning in solution and/or associated with
very fine suspended particles not removed by the supercentrifuge), a
simple average percentage was computed for each of the two portions from
the determinations on all samples from each station, with results as
shown in the following tabulation. Median values are also shown.

Distribution of Strontium-90 in Water Samples

Percent Total Activity in

Station Suspended Solids Dissdlved Solids

Mean Median Mean Median
Clinch River at 0Oak Ridge water plant ol 21 76 79
White QOak Creek at White Oak Dam 2 1 98 99
Clinch River at Gallaher Bridge 6 b ol %
Clinch River at Centers Ferry 9 6 91 gk
Tennessee River at Watts Bar Dam 9 6 o1 ok
Tennessee River at Chickamauga Dam 10 6 o0 ok

From these data it is quite apparent that from 90 to 98 percent
of the strontium=-90 activity is associated with the dissolved solids, or
in other words, dissolved in the water itself. (The maximum size of sedi-
ment particles left in suspension by the supercentrifuge is estimated to
be 0.7 microns.) The time of contact with the suspended solids in Clinch
River appears to have some influence on the distribution of activity
between suspended solids and dissolved solids since the percentage associ-
ated with the dissolved solids decreases from 98 percent at White Oak Dam
to 94 percent at Gallaher Bridge, and to 91 percent at Centers Ferry.
There is essentially no change, however, from Centers Ferry to Chickamauga
Dam.

Mass Curves--Mass (cumlative) curves of strontium-90 loads at
all stations except Loudon are shown in figure 4. The Loudon loads have
been computed on the assumption that the concentrations found represent
flow-weighted concentrations. These monthly loads are shown in figure 4
by the vertical bars extending up from the Centers Ferry load. In pre-
paring all the mass curves in this report, the total activity in each
sample was used in the computations; i.e., the total sample activity is
determined as the sum of the activities in both the suspended and
dissolved solids.

To permit comparison of the total cumilative loads, at succes-
sive stations, an estimate of the "normal" time of water travel from
station to station was made and lagged time scales were used for plotting
the loads accordingly. For example, water flowing out of the mouth of
White Oak Creek would be expected to arrive at the Centers Ferry station
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(Clinch River mile 5.5) two days later, and to arrive at Watts Bar Danm
nine days later, and at Chickamauga Dam after five more days. Naturally,
these times are not constant but vary with streamflows, pool levels, and
to some extent with the season of the year. A constant time of travel
has been assumed, however, as detailed above, and the plotted data seem
to support, over all, the estimated times reasonably well,

The rate of discharge of strontium~90 to Clinch River during
the first three months of the sampling period was approximately 4.5 curies
per month but at the end of February 1961 the rate was abruptly reduced
to approximately 1.2 curies per month, a rate that was maintained quite
uniformly throughout the remainder of the two-year sampling period.

The strontium-90 load measured for the Clinch River at the
Oak Ridge water plant is also shown in figure 4. The rate of accumilation
was quite steady throughout the two-year period, at about 0.29 curies per
month, or at about 91 microcuries per square mile per month.

Combining the sum of the two loads, White Oak Creek and Clinch
River at Oak Ridge water plant, produces a third curve, also shown in the
figure. The curve representing the sum of these two loads exceeds, at
the end of sampling, the load measured at Centers Ferry by approximately
13 percent. There is also a slight loss indicated between the stations
at Gallaher Bridge and Centers Ferry during the 11 months of record at
Gallaher Bridge. Since about 9 percent of the total strontium-90 activity
at the Centers Ferry station is associated with the suspended solids, the
apparent explanation for part of this loss is sedimentation in the
embayment of Clinch River.

Although the daily Loudon samples were not proportioned to
streamflow, if it is assumed that they were, a sizable load presumebly
derived from fallout is shown as flowing down the Tennessee River from
the 12,220 square miles of drainage area above this station. The accu-
mulated load, with the above assumption, was found to be about 28 curies
representing a contribution, averaged over the 24 months of record, of
96 microcuries ber square mile per month.

Additional gains are indicated from the 1,550 square mile
drainage area between Centers Ferry plus Loudon and Watts Bar Dam. This
gain was 21 curies representing a contribution of approximately 590 micro-
curies per square mile per month. On the assumption that the lLoudon load
is not correct (and since the samples were not flow-proportioned, it
undoubtedly is not), if the Centers Ferry load is subtracted from the
Watts Bar load the contribution per square mile from the intervening area
is determined to be 151 microcuries per square mile per month.

There is a large increase in the load at Chickamauga Dam dquring
late February 1962, presumably from fallout following numerous bomb tests
(Russian and some American) during the months of September, October, and
November 1961. The total accumlated increase between Watts Bar and
Chickamauga Dams in the two-year period was approximately 19 curies,
representing a contribution of 227 microcuries per square mile per month,.




Downstream from the Centers Ferry station, there was a measured
gain in the tectal load from station to station. However, this cannot be
interpreted to mean that all the strontium-90 originating at Oak Ridge is
transported past Chattanooga, Tennessee. All that can be said on this
point, with a reascnable degree of confidence, is that a large percentage
of the Oak Ridge load does pass Chattanooga. That quantity of strontium-90
lost from solution and suspension during the two-year sampling period was
apparently more than offset by contributions to the river system from
fallout. 1In fact, the two-year lcad at Chattanooga is over two and
one~half times the load passing White Oak Dam.

Periods of 1961 and 1962 in which fairly frequent nuclear bomb
detonations occurred in both the United States and in the USSR, together
with the resultant effects on gross beta concentrations at eight remote
(remote from Oak Ridge) precipitation stations are shown in figure 5.
(These data were supplied by the Applied Health Physics Section.) The
stations were located at Norris, Fort Loudoun, Douglas, Cherckee,

Watts Bar, Great Falls, and Dale Hollow Dams, and at Berea, Kentucky.

The abrupt increases in the strontium=-90 loads during February
1962 at Loudon, Watts Bar Dam, and at Chickamauga Dam would appear to
reflect relatively large volumes of runoff containing strontium-90.

Comparison with Load Measured by ORNL--To determine how
strontium-90 loads at White Oak Dam, as measured in this study, compare
with the same loads measured by the Oak Ridge National Laboratory, these
two sets of data were plotted by months in figure 6. Reported loads for
several of the individual months are greatly different but for the two
years of record, the total load as determined by ORNL was only about 12
percent less than that measured in the Clinch River Study.

Cesium=137, Concentrations and Total Stream Loads

Concentrations of cesium-137 found in all samples at all stations
for the two-year periocd of record are shown in table 2. However, because
of extreme difficulty in analyzing the gamma spectrum to identify the
activity due strictly to cesium-137 when there is a high concentration of
 ruthenium-106 present, the data reported here on cesium-137 must be con-
sidered only wvery approximate. Cumulative loads may be reasonably correct
(due to tendency for positive and negative errors to balance out), but no
great confidence can be placed in any of the cesium-137 data. In retro-
spect it can be said that the cesium should have been separated chemically
or by other means from the samples before any radiological determinations
were made. ‘
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Maximum concentrations found in the weekly (monthly at Loudon)
composite samples (including both suspended and dissolved solids) are
shown in the following tabulation:

Sample Showing Highest Concentration
Cesium=-137

Station Concentration Period of Occurrence

pc per liter

Clinch R. at Osk Ridge water plant 6 Jul. 2-8, 1961, and
Aug. 13-19, 1961
White Qak Creek at White Oak Dam 6,409 Jul. 9-15, 1961
Clinch R. at Gallaher Bridge 21 Nov. 18-24, 1962
Clinch R. at Centers Ferry 35% Jun. 2k-30, 1962
Tennessee R. at Loudon, Tenn. 3L Feb. 5-11, 1961
Tennessee R, at Watts Bar Dam 18 Dec. 2430, 1961
Termessee R. at Chickamauga Dam 6 Dec. 11-17, 1960

*Omitting high values during period September 10 through Decenber 2, 1961,
- when sampling equipment was not functioning properly.

Since even the maximum concentrations at all stations are far
below MPC values for drinking water used by the general population, mean
coneentrations at the various stations were not computed.

To determine what portion of the total cesium=-137 activity is
assoclated, on the average, with the suspended solids, and what portion
with the dissolved solids (including, of course, those very fine sus-
pended solids not removed by the supercentrifuge), a simple average
percentage was computed for each of the two portions from the determina=-
tions made on all samples from each station, with results as shown in the
following tabulation. Median concentrations are also indicated.

Distribution of Cesium-137 in Water Samples
Percent Total Activity in

Station Suspended Solids Dissolved Solids

Mean Median Mean Median
Clinch R. at Oak Ridge water plant 82 100 18 0
White Osk Creek at White Oak Dam 69 79 31 21
Clinch River at Gallaher Bridge 92 100 8 0
Clinch River at Centers Ferry 86 100 1y 0
Tennessee River at Watts Bar Dam 30 0 70 100

Tennessee River at Chickamauga Dam 19 0 81 100
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In marked contrast with strontium-90, the great bulk (69 to 92
percent) of the cesium-137 load is associated with the suspended solids
in the water samples collected from White QOak Creek and from Clinch River.
The Tennessee River samples, however, show 70 to 81 percent of the load
- to be in solution and/or associated with the very fine solids not removed

by the supercentrifuge. This indicates that practically all the Clinch

River sediment has settled by the time the Watts Bar Dam and Chickamauga

Dam stations are reached and that only the very fine particulate matter

and its contained activity remains.

Mass Curves-=Mass curves of cesium=137 loads at all stations
except Loudon, are shown in figure 8. In spite of a basic lack of
accuracy in all cesium-137 determinations, the agreement shown in the
discussion under "Comparison with Load Measured by ORNL," page 40,
indicates the mass curve for White Oak Creek probably is reasonably
accurate. The rate of discharge of cesium=137 to Clinch River was quite
variable for the period November 1960 to April 1961, but thereafter,
through November 1962, the rate of discharge was reasonably steady at
about 0.8 curie per month.

The outstanding feature of all these curves that immediately -
catches the eye is the extremely great load shown for Centers Ferry in
the fall of 1961. Due to a malfunctioning of the sampling equipment
here during this period, as explained in detail in Progress Report No. 3,
the reported load is undoubtedly incorrect. If the curve value for
December 1, 1961, is adjusted to about 21 curies (the value obtained by
extending the curve established prior to about October 1), and the load
thereafter accumlated from this value, the entire mass curve for this
station appears more reasonable, and is very similar to that for Gallaher
Bridge.

Although there is considerable question about the accuracy of
all cesium=137 determinations, still there is an indicated increase in
the cesium=137 loads during 1962 between White Oak Creek and Gallaher
Bridge that is quite substantial., Such an increase might be attributed
to lack of accuracy were it not for the fact that when the Centers Ferry
load is plotted in the lower position as discussed above, the Gallaher
Bridge and Centers Ferry loads check each other amazingly well., This
increase cannot logically be attributed to scouring of silt from the
riverbed in the reach between White Oak Creek and Centers Ferry since
the load seems to have increased more or less continuously throughout
the year, and not just during the high river flows of January, February,
and March 1962, Although limited accuracy in analysis of the cesium~137
samples casts serious doubts into the situation, and although a careful
field investigation of this situation has previously been made by
P. H. Carrigan and R. J. Pickering, still the indication of a sizable
increase in the Clinch River load of this radionuclide at some point(s)
B below the mouth of White QOak Creek is sufficiently definite to warrant

a "second look" by personnel familiar with the possibilities of seepage

from disposal pits, and with all other possible sources of this radionuclide.
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Because of the very limited accuracy of analysis, particularly
in the dilute samples collected from the Tennessee River, no detailed
discussion of the mass curves for Watts Bar and Chickamauga Dams is
warranted.

Comparison with Load Measured by ORNL--The data for cesium-137
plotted in figure 6 indicate reasonable agreement during most months of
record between the loads as determined by the Ozk Ridge National
Laboratory and as determined in the Clinch River Study. The total load
for the two-year period as determined by ORNL (22.17 curies) was about
14 per;ent less than that determined in the Clinch River Study (25.83
curies).

Cobalt=60, Concentrations and Total Stream Loads

Concentrations of cobalt-60 found in all samples at all
stations for the two-year pericd of record are shown in table 3,

Maximum concentrations found in the weekly (monthly at Loudon)
composite samples (including activity in both suspended and dissolved
solids) are shown below:

Sample Showing Highest Concentration
Cobalt=-60

Station Concentration Period of Occurrence

pec per liter

Clinch River at Oak Ridge water plant 5 Jul, 22-28, 1962
White Qak Creek at White Osk Dam 5,095 Nov. 12-18, 1961
Clinch River at Gallaher Bridge 18 Nov., 18-24, 1962
Clinch River at Centers Ferry 52 Jun, 11-17, 1961
Tennessee River at Loudon, Tenn. *
Tennessee River at Watts Bar Dam *%

N N

Feb, 18-24, 1962,
Jun., 17-23%, 1962, and
Aug., 12-18, 1962

Ternessee River at Chickamauga Dam

*This value occurred in several samples throughout the sampling period.

**This value occured five times, March to October 1962, inclusive.
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Even the maximum concentrations of cobalt-60 found at all sta=
tions are far below MPC values. Consequently, mean concentrations were
not computed.

The distribution of cobalt=60 activity between the suspended
and dissolved solids in the samples is summarized in the following tabu-
lation. Percentages are arithmetic averages of all samples. Median
percentages are also indicated.

Distribution of Cobalt-b60 in Water Samples

Percent Total Activity in

Station Suspended Solids Dissolved Sclids
Mean Median Mean Median
Clinch River at Oak Ridge water plant 5 0 95 100
White Oak Creek at White Oak Dam 19 12 81 88 )
Clinch River at Gallsher Bridge 27 25 T3 75
Clinch River at Centers Ferry 30 25 70 75
Tennessee River at Watts Bar Dam 2 0 98 100
Tennessee River at Chickamauga Dam 3 0 a7 100

These data indicate 70 to 98 percent of the total cobalt-60
present in the water phase is actually in solution. In White Qak Creek
and in Clinch River, approximately 20 to 30 percent of the cobalt=60
present is assoclated with the suspended solids, but in the Tennessee
River the percentage drops to only 2 or 3 percent. This would seem to
indicate loss of sediment (and the associated activity) from the water
phase in a downriver direction.

Mass Curves--Mass curves of cobalt-60 loads at all stations
are shown in figure 9. The curves for White Oak Dam, Gallaher Bridge,
and Centers Ferry plot reasonably close together throughout the period
of record. Thus there seems to have been no significant loss of this
radionuclide in Clinch River. Actually there was an apparent gain in
load at Centers Ferry during January and February 1962, However, because
of malfunctioning of the sampling equipment at the Centers Ferry station,
the reported l1ocad at this station might be incorrect. If the curve
value for December 1, 1961, is adjusted to about 22 curies (the value
obtained by extending the curve established prior to about October 1),
and the load thereafter accumulated from this value, the mass curve for
this station would fall slightly below the curve for Gallaher Bridge.
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The total load for the two-year sampling period would be about 53 curies.
The curves could then be interpreted as showing a very slight loss of
cobalt=60 in Clinch River due to sedimentation.

Curves for both Watts Bar and Chickamauga Dams indicate a cumu-
lative loss from the load measured at both White Oak Dam and at Centers
Ferry. However, most of this loss is indicated to have occurred during
the spring and summer of 1961, From November 1961 through November 1962,
the curves for White Oak Creek and Chickamauga Dam are surprisingly
parallel. Thus during this period the only effect discernible in the
river system was dilution, since the load going in at White Oak Dam
arrived later, undiminished, at Chattanooga.

Comparison with Load Measured by ORNL--The data for cobalt-60
plotted in figure 6 indicate serious disagreement in measured loads at
White Qak Dam for many of the individual months, but over all the total
lcad during the two-year period was found to be 46.31 curies by ORNL
and 51,47 curies by the subcommittee. These values represent a differ-
ence of about 10 percent.

Ruthenium=-106, Concentrations and Total Stream Loads

Concentrations of ruthenium=106 found in all samples for the
period of available record at all stations are shown in table kL,

A factor not noted in earlier progress reports, which could
affect reported concentrations to some extent, is the presence of
ruthenivm=103 (half life = 40 days) and possibly other fission products
from wespons fallout, in the samples. Since the mean storage time of
the samples prior to counting was approximately 60 to 80 days, measurable
guantities of the ruthenium=103 could have been present if the samples
contained relatively fresh fallout material. Unfortunately the age and
quantities of fallout entering the river cannot be estimated from the
available data., Any ruthenium=103 present in the samples would be
reported as ruthenium-106 since the respective radionuclides are not
distinguishable by the methods used in the study. However, the quantities
of ruthenium-103 present are believed to be relatively insignificant in
relation to the amounts of ruthenium-106 released via White Ozk Creek.

Meximum concentrations found in the weekly (monthly at Loudon)
composite samples (including both suspended and dissolved solids) are
shown in the tabulation on page 66. Flow-weighted mean concentrations
are also shown.

In only White Qak Creek do the maximum concentrations exceed
MPC values for drinking water. Mean concentrations at all sampling
stations except White Oak Creek at the dam, are far below MPC values
for drinking water,
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Maximum and Mean Concentrations of Ruthenium~106

Highest Period of Flow-Weighted
Station Concentration Occurrence Mean Concentration
pc per liter pc per liter
Clinch R. at Oak
Ridge water plant 223 Dec. 4-10, 1960 23
White Oak Creek at
White Oak Dam 294 k12 Jan. 15-21, 1961 109,800
Clinch R. at
Gallaher Bridge 769 Jan. 14-20, 1962 3L5%
Clinch R. at
Centers Ferry 2,63% Feb. 12-18, 1961 317
Tenn. R. at
Loudon, Tenn. 296 Decenber 1961 *¥
Tenn. R. at
Watts Bar Dam 192 Feb. 26-Mar. 4k, 1961 63
Tenri. K. at
Chickamauga Dam 269 Nov. 20-26, 1960 51

¥Record begun January 8, 1962.
**¥Not epplicable.

The distribution of ruthenium-106 activity between the suspended
and dissolved solids in the samples is summarized in the following tabula-
tion. Percentages are arithmetic averages of all samples, Median
percentages are also indicated.

Distribution of Ruthenium-106 in Water Samples

Percent Total Activity in

Station Suspended Solids Dissolved Solids

Mean Median Mean Median
Clinch River at Oak Ridge water plant Ly 29 56 71
White Qak Creek at White Oak Dam 6 k ol %
Clinch River at Gallaher Bridge 21 17 79 83
Clinch River at Centers Ferry 21 16 79 8k
Tennessee River at Watts Bar Dam 11 7 89 93

Tennessee River at Chickamsuga Dam 15 8 85 92
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From these data it is apparent that from 79 to 94 percent of the
ruthenium=106 activity is associated with the dissolved solids, or in other
words, dissolved in the water itself. Neither the time of contact with
the suspended solids, nor sedimentation, appear to have any significant
influence on the distribution of activity between suspended solids and
dissolved solids since the percentage associated with the dissolved solids
decreases from 94 percent at White Oak Dam to 79 percent at Centers Ferry,
then goes back up to 89 percent at Watts Bar, and back down to 85 percent
at Chickamauga Damn.

Mass Curves--Cumulative curves of ruthenium-106 loads at all
stations except Loudon are shown in figure 10,

During the first year of sampling, the mass curves for all sta-
tions below White Oak Creek agree quite closely with that for White Oak
Creek; then, beginning in the fall of 1961 and continuing through March
1962, the downriver curves diverge to some extent. From March through
November 1962, the curves remain essentially parallel to each other. The
divergence in early 1962 appears to reflect the effect of fallout from
weapons testing. (See figure 5, page 23.)

Throughout the two-year periocd the curve for Centers Ferry is
practically identical to the one for White Oak Creek. Likewise, during
the last 11 months of reczord the curve for White Oak Creek plus the
Oak Ridge water plant is nearly identical to that for Gallaher Bridge.
Throughout the entire pericd of record, the curves for Watts Bar Dam
and Chickamauga Dam are essentially the same.

Based or the rather amazing agreement between the cumulative
lcads measured at all stations below White Oak Dam with the load measured
at White Oak Dam, it can be definitely concluded that during the two-
yzar sampling pericd essentially all the ruthenium-106 discharged from
Oak Ridge passed through the river system to Chattanooga in the water
phase., That ruthenium=106 which is found in bottom sediments between
Oak Ridge and Chattancoga must represent the ccntinued accumulation over
the years of a very small percentage of the annual load discharged at
Oak Ridge.

The good agreement in the cumulative loads measured at the
successive stations indicates considerable confidence can be placed in
the methods used throughout the study in sampling and compositing.

Comparison with Loads Measured by ORNL--As with the other radio-
nuclides, comparison of monthly loads at White Oak Dam as measured by the
subcommittee and by ORNL, indicates several rather serious disagreements,
as shown in figure 7, page 25. However, compariscn of cumulative loads
measured over longer periods indicates better agreement, as might be
expected.

The first 12-month period (December 1960 through November 1961)
shows a total discharge of about 1,900 curies cf ruthenium=-106 at White
Oak Dam as measured by the subcommittee, while the second 12-month period
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(December 1961 through November 1962) shows a total discharge of about
1,300 curies. Data supplied by the Oak Ridge National Iaboratory show
a total discharge of 1,906 curies at White Oak Dam during the first
12-month period and a total discharge of 1,586 curies for the second 12~
month pericd. Thus in comparing the total loads reported in this study
with those reported by ORNL, the total loads for the first 12-month
period are found to be identical. On the other hand, the difference of
nearly 300 curies during the last 12-month period represents a disagree-
ment of approximately 22 percent. If the White 0ak Creek load for the
last 12 months of record as measured by the subcommittee, were increased
by 300 curies, it would equal almost exactly that measured for
Chickamauga Dam. This probably indicates a negative bias in the White Oak
Creek values reported by the subcommittee for the last 12-month period.
(See figure 10, page 68.)

Effects of Operation of Melton Hill Dam

on Dispersion of Radionuclides

. The operation of Melton Hill Dam at mile 23.1 on Clinch River
will change the hydraulic pattern of releases of radioactive waters from
White Oak Creek into Clinch River. The potential effects of this altered
hydraulic pattern on the dispersion of radiocactive waters originating at
the Oak Ridge National Laboratory have been investigated cooperatively in
the field by personnel of the U, S. Geological Survey and of the Oak Ridge
National Laboratory.

From results of these dispersion studies that have been and are
baing reported separately, the subcommittee concludes that although the
time versus concentration pattern of radionuclides will be altered drasti-
cally in the Clinch River embayment of Watts Bar Reservoir, the pattern
of dispersion in the Tennessee River will not be altered sufficiently from
that observed during the two-year study reported here to justify
reactivation of the network of sampling stations,

Recommendations

Recommendations 1, 2, and 3 concern the monitoring program which
the subcommittee feels must be continued indefinitely at and below Oak
Ridge. Recommendations 4, 5, and 6 concern improvements that should be
made in studies of the type reported here, should such a study be
reinitiated in the future at and below 0Ozk Ridge, or put into operation
by others at some other location for similar purposes.

1. (a) Continuous monitoring and proportional sampling should
be continued at White QOak Dam, and weekly composite
samples should be examined for concentrations of
strontium-90, cesium-137, cobalt-60, and ruthenium-106.
Arrangements should be made to keep this station rated
since knowledge of continuous streamflow rates at this
station is essential,
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(b) Proportioral sampling should be initiated very soon and
continued indefinitely on the power discharge of Melton
Hill Dam. Weekly composite samples should be examined
-for radionuclide activity.

(¢) Proportional sampling should be initiated very soon and
continued indefinitely at or near the present location
of the water intake in Clinch River of the Oak Ridge
Gaseous Diffusion Plant. Volumes of river water,
proportioned toc the instantaneous rate of river discharge
at the intake site, should be added to the composite
sample at intervals of not more than 15 minutes. Such
samples, composited weekly, should be examined for the
radionuclides of importance unless sample results at
White Cak Dam, or at Melton Hill Dam, indicate need
for more frequent examination.,

Iy

at ary time ir the future it becomes reasonably

(¢) 1 Y

possible for any significant load of radionuciides to
enter Clinch River downstream from the monitoring sta-
tion at* the water irtake of the Oak Ridge Gaseous
Diffusion Piant, either the station should be moved far
enough downsiream to intercept such additional inflow,

or an additioral downstream monitoring station should
be established.

:'

Since the Oak Ridge National Laboratory and the Public Health
Service will both be mecnitoring Clinch River below White 0Qak
Creek, these two agencies, and any others that may collect
radiological samples here, should compare results obtained on
regularly scheduled split samples. This is essential to pre-
vent differences in technique, equipment, etc., from introducing
disagreement in routine sampling results.

The Public Health Service should be supplied with part of each
weekly composite sarple collected at the water intake of the
Oak Ridge Gaseous Diffusion Fiant. The Public Health Service
should be requested in a letter from the Chairman of the
Clinch River Study Steering Committee, to utilize these
samples in the radioclogical determinations made on water -
samples collected at this station in its Water Pollution
Surveillance System.

If any detailed study of this nature is made in the future, it
would be extremely helpful in determining cesium~137 activity
levels if this radicnuclide were extracted from the sample by
the best chemical separation technique available; prior to
counting. In any situation where the gamma spectrum of a
radionuclide of importance is seriously masked by some other
radionuclide, chemical separation, as well as gamma spectrometry,
should be used. The most sensitive, yet accurate, technique and




equipment available should be applied tc the determination

of the concentration of each radionuclide. It would be
helpful if a few "dry runs" were made at all proposed
sampling stations prior to the initiation of routine sampling,
to determine the volumes of samples needed at the various
stations to provide sufficient activity, after concentration,
for accurate measurements.

It is recommended for any future study of this nature that the
actual, and relative concentrations of radionuclides in the
suspended and dissolved solids be determined as carefully as
possible in a limited number of special samples collected at
such times as would permit detection of the influences, if any,
on relative concentrations, of such factors as water chemistry,
streamflows, particle sizes, time of flow below Oak Ridge,
water temperature, and possibly other variables. To provide
needed information on precision and reproducibility of results,
more effort than in the present study should be directed toward
duplicate processing of "whole samples," and in processing dupli-
cate samples (twice the needed volume, mixed and split).

If a network of sampling stations is needed for future studies
of this general nature, a companion network of precipitation
stations would be desirable tc provide information on the
fallout contribution to the radionuclide load.

Respectfully submitted,

SUBCOMMITTEE ON WATER SAMPLING AND ANALYSIS

DG Lur

M. A. Churchill; Chairman
J. S. Cragwall

S. L. Jones

Dr. Conrad P. Straub



